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A field study was conducted to evaluate the variations in 
selected physical properties of the Bethany Falls, Winterset and 
Argentine Limestones in the Greater Kansas City Area. On-site and 
laboratory testings of these rocks for hardness and strength were 
made. Data from the different sites were contoured to graphically 
illustrate changes in the rock properties geographically. Results 
of this study are presented with the hope that they may be useful 
preliminary information for rock excavation engineers working in the 
area.
The area covered by the study included Platte, Clay, Johnson, 
and Cass counties in Missouri, and Leavenworth, Wyandotte and 
Johnson counties in Kansas.
To determine the rock hardness for each of the three limestone 
members a Schmidt impact hammer (RM-710 Rock Classification Hammer) 
and a Shore scleroscope (Model D) were used. At each site a set of 
readings (10 to 15) was recorded with the Schmidt impact-hammer on 
every sample tested. The average values from the sets of readings 
were averaged to obtain a data point. Thus, a representative 
relative hardness value from Schmidt impact tests was obtained for 
each limestone of interest at a particular site. These representative 
average values were contoured for each limestone.
With the aid of a computer, a similar procedure of reduction and 
contouring was followed for Shore scleroscope relative hardness data. 
Only small slabbed samples could be tested with the Shore scleroscope.
iii
All surfaces prepared for testing by both the Schmidt hammer 
and Shore scleroscope were oriented so that tests could be run both 
parallel and perpendicularly to the bedding. The results showed 
that direction of testing had little influence upon the hardness 
values.
Changes in the physical property of strength of the three Kansas
City area limestones were determined by contouring point load strength
index values (I ). I values were obtained by using the Franklin s s
Point Load test apparatus to fail irregular lump samples of the
limestone. A representative average I value was found for eachs
limestone at each site and a contour map of I values was drawn for 
each of the three limestone types.
Directions of increasing or decreasing test value were compared 
among the three contour maps for each limestone. Sudden increases or 
decreases in values from a certain test are particularly noticeable 
in certain areas of the point load strength index value maps, whereas 
variations are less drastic for the contour maps of hardness values. 
The contour map of scleroscope hardness values for the Argentine 
Limestone Member is one exception for sudden variation.
Though areas of sudden increase or decrease in value may be of 
concern in rock excavation, the range in values (for hardness or Ig) 
over which this occurs is small enough to indicate the rock properties 
tested for are uniform over the distances shown on the maps.
iv
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During the summer of 1982 a field study was conducted to evaluate 
variations in the physical properties of rock hardness and strength 
of three limestone members throughout the Greater Kansas City Area. 
Refer to Table I and Fig. 1 for site identification and locations. 
On-site and laboratory testing was conducted using the Shore 
scleroscope (Model D) and Schmidt impact hammer (RM-710) and the 
Franklin Point Load apparatus during tests on limestone samples. 
Franklin Point Load tests were conducted on irregular lump samples.
The major objective of the investigation was to use rock hardness 
and point load strength index values as a means of identifying 
property variations for the Bethany Falls, Winterset and Argentine 
Limestone Members throughout the Greater Kansas City Area.'*'
B. GENERAL GEOLOGY
A geologic map showing the distribution of the Kansas City 
Group in the study area, and a generalized stratigraphic column of 
the Kansas City Group are shown in Figs. 2 and 3, respectively, for 
reference purposes.
1. Bethany Falls Limestone Member. The Bethany Falls Limestone 
Member of the Swope Formation generally consists of a lower and upper 
portion separated by a calcareous shale parting. The lower portion, 
usually 8 to 10 feet thick, can be described as a fine to coarse 
grained, gray to chalk-white limestone which weathers gray or tan. 
Shale partings are common. Stylolites and dendrites, also, exist.
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The lower portion is separated from the upper limestone by a
calcareous shale parting at mid-height. The upper limestone, usually
ranging from 10 to 12 feet thick, is composed of massive to thick
bedded limestone which is mottled or light gray and weathers gray to
black. Mottling, dark gray patches on a lighter background, increases
toward the top of the upper limestone. Two to three feet of the
limestone at the top of the upper limestone is nodular and lensing,
with a rubble-like appearance. This rubble limestone has been called
"peanut rock" by miners and generally looks like unworked concrete 
2when weathered.
Jointing in the upper Bethany Falls Limestone is well displayed
in surface exposures where large rectangular blocks of upper limestone
have become separated from the unweathered exposure by solution
activity along joints and the middle shale parting interface. Joint
spacing for each of two joint sets, as seen at surface exposures where
solution activity is at a maximum, is from 10 to 20 feet. The joint
sets trend in a northwest-southeast and northeast-southwest direction,
respectively, at nearly right angles to each other. Joints reportedly
are more numerous (smaller spacing), more open, and longer at surface
exposures (i.e., portals). Lengths of 100 feet plus have been observed
at the portals of one underground site. Farther back into the interior
of one reported site the joint length is less than 25 feet, but the
spacing is at least 50 feet. The more opportunity available for
water to penetrate the openings within the limestone, the greater will
3be the revelation and opening of joints due to solution activity.
TABLE I
TABLE OF SITES BY SYMBOL
SYMBOL SITE
K Quarry south of DeSoto, Kansas (Argentine Limestone)
02 Roadcut along Shawnee 10 (not collected from)
IL Loring Quarries, southeast corner of Leavenworth Co., west of Loring, Kansas (Argentine Limestone)
EDJ Abandoned Quarry at the end of 53rd Street (below Darrell Stone Company) (Argentine Limestone)
IB Union Quarries, 95th St. & Renner Road (Argentine Limestone)
LP Prairie Mining Co., 95th St. (Argentine Limestone)
ID Holland Quarries ^ mile south of Prairie Mining Co. (Argentine Limestone)
IA Inland Quarries, Inland Drive (Bethany Falls and Winterset Limestone)
IE Exit off Interstate 635, Merriam Drive & Shawnee 10 (Argentine Limestone)
P Park College, Parkville, MO (Argentine Limestone)
AS East side of Interstate 635 near the Missouri River in Kansas (Argentine Limestone)
129 Roadcut, 1-29 near North Kansas City exit (Argentine Limestone)
NKB Kansas City Quarries, Riverside, MO (broken rock of Bethany Falls Limestone)
NKI Kansas City Quarries, Riverside, MO (Argentine Limestone Top Unit)
IG Reno Quarries, Stanley, KS. (Argentine Limestone)
KW Beyer Crushed Rock Co., 90th & U.S.-71 (Winterset and Bethany Falls Limestone)
I Union Quarries, Inc., Bannister & Noland Rd., Kansas City, MO. (Bethany Falls & Winterset
Limestone)
G Parvin Rd., \  Mi. So. of Worlds of Fun (Argentine Limestone - 23')
TABLE I (continued)
SYMBOL SITE
F Great Midwest Mining Corp., Randolph, MO. (Bethany Falls and Winterset Limestone)
D Access road to Missouri Portland Cement Co., N. River Blvd. (Bethany Falls and Winterset Limestone)
C Missouri Rock, Inc., Quarry, east of Courtney Road (Winterset and Bethany Falls Limestone)
A City Wide Asphalt Company, Inc., 1701 M-291 Hwy. (Bethany Falls and Winterset Limestone)
H Brunson Instrument Company, 8000 East 23rd Street (Bethany Falls Limestone)
V&W Rock Acres Quarries, Inc., 600 Lees Summit Rd. (V = Bethany Falls Limestone collected and 
W = Winterset Limestone collected)
R Not collected from
U Another Union Quarry near Geospace Executive Park, l h  miles south of U.S.-24 east of M-291 (Bethany
Falls and Winterset Limestone)
U-291 Roadcut along M-291 about 2 miles south of 1-70, (Bethany Falls and Winterset Limestone)
T Martin-Marietta Quarry, 1 mile West of Junction Rte. 7 & 24 (Bethany Falls and Winterset
Limestone)
0 McKee Quarries, south of Greenwood, Missouri (Bethany Falls and Winterset Limestone)
L Quarry south of Greenville, MO., route RA south of Highway 92 (Bethany Falls and Winterset
Limestone)


























































95*07'30" R21̂  R22E R22E| R23E R23e|r24E R24e|r25E |»33W R33U| R32W R32W |r31W 94*15'
48°45*
INDEX MAP OF THE STUDY AREA
Location: Greater Kansas City Area 
Author: John Robert Cramer 




Location of a site or sites 
with a symbolic representation 
are described in Table I,pp3-4









Minor Streams or Tributaries 
SCALES:Q L_  _ _  30 .000 f e e tm: a... km \
2 0 2 4 6 miles
Map Location M0.
Refer to Figure Legend p. 5 
names of numbered quadrangles.
for
ONFig. 1 Location Map of Sites
GEOLOGIC MAP SHOWING THE GEOGRAPHIC 
EXTENT OF THE KANSAS CITY GROUP IN THE 
KANSAS CITY AREA
Location: Greater Kansas City Area 
Author: John Robert Cramer 
Date of Completion: May 1983
Legend
Kansas City Group 
Position of Argentine Ls. Mbr. 
-Position of Raytown Ls. Mbr.
■ FaultsnU (The Bethany Falls Ls. Mbr. 
and the Winterset Ls. Mbr. are too thin 
to be shown on the map.)
Key
O Location of site
-------- Highways and Roads
0  Location of Cities and Towns
------  City Boundary or Limits
--------  County Boundary
—  -----  State Boundary
Airport or Commercial Airfields 
Major Streams
...... Minor Streams or Tributaries
SCALES:




Refer to Figure Legend p. 5 
names of numbered quadrangles.
for






























P L E A S A N T O N  GR<
Fig. 3 Generalized stratigraphic column of the Kansas City Group 
(taken from Ref. 1)
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Average thickness of the Bethany Falls Limestone over its outcrop 
area is from 12 to 30 feet. At Kansas city its thickness ranges 
between 15 to 25 feet. The Bethany Falls Limestone Member extends 
from southwestern Iowa to the Kansas-Oklahoma state line.
2. Winterset Limestone Member. The Winterset Limestone Member 
of the Dennis Formation usually consists of lower and an upper 
portion sometimes separated by a middle shale bed from two to three 
feet thick. At times this middle layer contains thin layers of 
limestone. When a distinct middle zone is hard to recognize, a 
lower and upper part cannot always be defined, and a different 
division could be made. The lower part of the Winterset shows 
variable bedding, color, texture and lithology throughout its 
outcrop area. Frequently, about the lower half of the lower 
part is composed of thin bedded, medium to dark gray limestone 
with thin shale layers between the limestone beds. The upper half 
of the lower part is a medium to thick bedded, light gray to tan, 
chalky to rough textured limestone with only an occasional shale 
parting. There is usually less chert in the lower part in comparison 
to the upper part (one exception appears at Inland Quarries) and chert 
in the lower part ranges from non-existent to infrequent, discontinuous 
layers or nodules. The upper part shows variable bedded limestone 
which ranges from hard, dark blue, and siliceous (some beds are of 
virtually solid dark blue to black chert) to gray to bluish gray 
argillaceous limestone. White or blue nodular and banded chert is 
common in many of the limestones of the upper part. Chert is a 
diagnostic feature of the Winterset. Shale partings are common to
10
virtually non-existent in the upper part. Limestone can be very 
thin to platy in some sections, especially near or at the top, of 
the upper part. The upper part of the Winterset has been described 
as being oolitic near the top, but this was not observed.
Overall, especially where a lower and upper part are hard to 
distinguish, the Winterset Limestone Member is very thin (sometimes 
platy) to thick bedded limestone with many shale partings and layers. 
Fossils, such as brachiopods and bryozoans are prolific in the 
Winterset Member. Calcareous shale beds or platy limestones contain 
plant remains at certain localities. Plant remains usually include 
fern fronds. The Winterset Member averages from 25 to 40 feet thick 
throughout its area of coverage. It extends southwestward from 
Kansas City into Ifeosho County, Kansas. The Winterset Limestone 
Member is named from outcrops of alternating limestones, shales and 
sandstones near Winterset, Madison County, Iowa. The Winterset Lime­
stone Member at Kansas City has a range of thickness from 20 to 35 
feet. It is about 50 feet thick in eastern Jackson County, Missouri. 
Large thicknesses of Winterset have been observed in Wyandotte County, 
Kansas.
3. Argentine Limestone Member. The appearance and thickness of 
the Argentine Limestone Member is variable. Bedding is massive with 
a minor amount of shale in some exposures. In other exposures, the 
Argentine Limestone Member is thin bedded with shale partings occurring 
along most bedding planes, particularly in the lower part. The color 
of the Argentine Limestone Member varies from light gray to bluish-gray. 
Texture is fine to coarse grained. Nodular and banded chert is found 
in the Argentine Limestone Member at many locations.
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The Argentine Limestone Member is named from the Argentine
district, Kansas City, Kansas. It reaches a thickness of more than
35 feet at Kansas City but thicknesses of 30 feet or less were
commonly observed. It thins to less than one foot in northern
Missouri. Exposures reaching a thickness of 20 to 25 feet were
observed, just north of the Missouri River in Platte County and Clay
County. Generally, outside the city limits of Kansas City in western
Jackson County, Missouri, the Argentine Limestone Member is very thin
and quite often covered by its own cherty residuum and a soil cover.
The Argentine Limestone Member is 30 to 60 feet (60 feet thick where
the Island Creek shale thins out) thick at Kansas localities. It
does thin out in a short distance from these thick exposures in Kansas
to two to three feet thick. The geographic extent of the Argentine
Limestone Member is from southeastern Kansas into southwestern Iowa
2and southeastern Nebraska.
Underground openings in the Argentine Limestone Member have been 
created by quarrying in eastern Kansas. In a few cases such as at 
Loring Quarries near Loring, Kansas, the openings are now used for 
underground storage of perishable products where quarry operations 
have ceased. An attempt is being made to excavate the Argentine 
Limestone Member at Park College in Parkville, Missouri in order to 
create underground space for a new library. When this site was 
visited, operations had ceased temporarily where roof collapse was 
encountered. Roof collapse was probably due to weak shale partings 
and the soft or crumbling condition of the moist Argentine Limestone.
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The Argentine Limestone is very fossiliferous. Most commonly
2occurring fossils are brachiopods, bryozoans, echinoids and algae.
4. Structure. Northwest trending, high angle, normal faults
are the elements of the principle structural features in Jackson
County, Missouri. A general horst and graben structure is indicated
by the faults within the few square miles of their coverage. These
faults have been found in the Bethany Falls Limestone Member and to
a certain extent in the overlying strata, but not in the overlying
soils. Faults could have developed by either fracturing and subsidence
within the Precambrian basement; or collapse of beds into solution
cavities formed within Paleozoic carbonate beds. In relation to the
few structural sinks associated with faulting, older Pennsylvanian
units that normally occur throughout the area surrounding the sink
are sometimes absent in the sink whereas younger units no longer
present in the area surrounding the sink are preserved in the
collapse debris in the sink. Remnants of formations of the Lansing
3Group are frequently preserved in collapse sinks.
The northwest-southeast trending Centerview Kansas City anticline 
is another major structure. It extends from central Kansas City past 
the county line in the southeast corner of Jackson County, Missouri. 
There are several domes and smaller anticlines in Jackson County, 
some of which are part of the Centerview Kansas City anticline. Only 
a few of these domes (e.g., Blue Springs anticline) can be associated 
with gas fields. The number of gas fields in Jackson County is con­
siderably less than the number of gas fields north of the Missouri
4River in Platte and Clay Counties.
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Beds of the Kansas City Group and other Pennsylvanian strata
gently dip northwest at 10 to 20 feet per mile toward the Forest City
Basin. This general attitude which can be applied to most of the
Pennsylvanian strata of northwest Missouri under the Dissected Till
Plains physiographic province, contributes to the development of
numerous essentially east (southeast) facing Pennsylvanian escarpments
in the region of eastern Kansas and northwest Missouri, north of the
3Kansas and Missouri Rivers.
South of the Missouri and Kansas Rivers in the Osage Plains and 
eastern Kansas, continuations of the several east-southeast facing 
Pennsylvanian escarpments found under the Dissected Till Plains occur. 
Pennsylvanian strata dip toward the Forest City Basin. The Bethany 
Falls escarpment is one of the many east-facing Pennsylvanian lime­
stone escarpments in Missouri and Kansas. Bethany Falls Limestone 
forms the cap rock of this escarpment. The Bethany Falls Limestone 
occurs down-dip from the escarpment at a shallow depth.
For identification, location, and brief description of the 
smaller structural features (domes, anticlines, synclines, and sinks) 
refer to Report of Investigations Number 49 of the Missouri Geological
Survey and Water Resources - Structural Features of Missouri, by Mary
4H. McCracken. Discussion related to these smaller structural 
features is not presented in this thesis.
C. OTHER STUDIES CONDUCTED IN THE GREATER KANSAS CITY AREA
This study, using simple field testing equipment to obtain rock 
property data throughout the Greater Kansas City Area, was the first
14
of its kind. Certain rock property data derived from laboratory tests 
on limestone from certain sites in Clay and Jackson Counties in 
Missouri, and Johnson County in Kansas were compiled from reports of 
studies conducted by the following investigative groups: Dr.
Charles J. Haas of the University of Missouri-Rolla and the Rock 
Mechanics I (Mining 231) class of the Fall semester, 1976; Dr. Charles 
J. Haas of the University of Missouri-Rolla and the Rock Mechanics I 
(Mining 231) class of the Fall semester, 1979; and the Missouri 
Highway and Transportation Department, District 4 Office, Division 
of Materials and Research. The first two reports mentioned were 
prepared and submitted by Dr. Charles J. Haas, Professor of Mining 
Engineering, on January 24, 1977, and on August 20, 1980, respectively. 
Copies of Dr. Haas's reports were obtained through the Missouri 
Geological Survey and Water Resources office in Rolla, Missouri.
The 1977 and 1980 reports by Dr. Haas contain rock property data 
on core from the Wyandotte and Lane Formations (1977 report, Ref. 5) 
from a location near the west side of Southwest Trafficway just south 
of its intersection with the four lane section of Truman Road, and 
the Bethany Falls Limestone Member (1980 report, Ref. 6) at Kansas 
City Quarries Company. Data on rock hardness from Shore scleroscope 
tests on Argentine and Bethany Falls Limestone cores from various depths 
at each of these sites is compared with the rock hardness data obtained 
by this investigation. Uniaxial compressive strength data for the 
Argentine and Bethany Falls Limestone were taken from these reports
and discussed later in this thesis.
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Los Angeles abrasion test results from the Missouri State 
Highway and Transportation Department Quarry Ledge Informational 
Summary Sheets of rock property data on the Bethany Falls, Winterset 
and Argentine Limestones at various quarries in Clay and Jackson 
Counties in Missouri, and Johnson County in Kansas are shown in 
Appendix A in Tables II, III and IV.^
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II. GEOLOGY
A. TOPOGRAPHIC EXPRESSION AND DEVELOPMENT OF THE BETHANY FALLS AND 
WINTERSET LIMESTONE MEMBERS IN JACKSON COUNTY, MISSOURI
The Bethany Falls Limestone Member forms a pronounced topographic 
feature called the Bethany Falls Escarpment which is less thick in the 
Big Blue River Valley and attains greater thickness in the Little Blue 
River Valley. It contributes to the rough land forms of the area 
northeast of Blue Springs. Where it reaches a near maximum exposed 
thickness of about 20 feet, it can be followed for many miles. The 
underlying Hushpuckney shale is soft and weathers easily causing 
large blocks of Bethany Falls Limestone to break from the parent 
ledge along prominent jointing planes.
Cave solution activity is of minor importance in the Bethany Falls 
Limestone. Maximum development of cave solution activity is shown by 
a small cave located along the Missouri Pacific Railway approximately 
two and one-half miles northwest of Lees Summit (near the center of 
Section 25, T.48, R.32W.). This cave has a height of 10 feet and a 
width of 20 feet at floor level. It has developed along a vertical 
joint and forms a natural bridge along the side of Cedar Creek. Solu­
tion sink holes have been observed in the district near Hickman 
Mills.8
In the eastern part of the County there is a secondary plain at 
the base of the Bethany Falls escarpment. It is narrow in the south­
eastern part of the county and widens rapidly north of Oak Grove. The 
soft Pleasanton Shale has been eroded to the level of the plain 
averaging approximately 100 feet below the upland ridge areas. The
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geologic map of Fig. 2 shows the base of the Kansas City Group in 
Missouri.
There is a major divide near the southern border of Jackson
County that separates streams flowing north to the Missouri River and
those flowing southeast into the Osage. This divide is indicated
where the Kansas City Group terminates in the southeast corner of the
map in Fig. 2. Smaller continuous and non-continuous divides branch
off from the main divide in a northerly direction. Most of the
divides are capped by members of the Kansas City Group. The
Winterset Limestone Member, occasionally with a thin covering of the
overlying Cherryvale Shale, tops off the uplands in the eastern part
of Jackson County. The Iola Limestone, approximately 100 feet higher
stratigraphically, caps most of the uplands around the western part
of the county being superceeded by the Argentine Limestone Member
at higher elevations, 980-1040 feet, primarily in the area south and
9west of Lees Summit, Missouri. Refer to the geologic column in Fig.
3. A remnant of a still higher plain is formed on the Plattsburg 
Limestone Member (65 feet above the Iola) which is well exposed in 
and near Penn Valley Park. The "Sniabar Hills" are isolated mesa - 
like table lands cut off by Sniabar Creek from the main divide to 
the south and the fingers of the Little Blue River - Sniabar Creek 
divides to the east.
Upland areas in Jackson County are characterized by nearly flat 
to gently undulating topography on the tops of the divides and rolling 
to hilly near the main streams.
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B. GEOLOGY OF THE BETHANY FALLS LIMESTONE MEMBER
1. Geology of the Bethany Falls Limestone Member in Jackson 
County, Missouri. The Bethany Falls Limestone Member was named by 
Broadhead in 1865 for the falls of Big Creek near Bethany,
Harrison County. The Bethany Falls Limestone Member of the Swope 
Formation of the Bronson Subgroup of the Kansas City Group (Missourian 
Series of the Pennsylvanian System) generally sits atop the Hush- 
puckney Shale Member of the Swope Formation. The Hushpuckney Shale 
member above the thin Middle Creek Limestone Member, together form 
the last two units of the Swope Formation above the Ladore Formation. 
Just above the Bethany Falls Limestone, stratigraphically, is the 
Galesburg Shale Formation, above which members of the Dennis Formation 
occur. See the generalized stratigraphic column in Fig. 3.^
A typical Bethany Falls Limestone Member outcrop consists 
primarily of two distinct limestone units - a lower part and an 
upper part. The lower part is composed of a gray crystalline lime­
stone which weathers along irregular bedding planes to beds of a few 
inches to one foot thick. The upper part - half or more of the 
thickness - is of a mottled gray, dense, finely crystalling lime­
stone. A two foot layer of rock known as "peanut rock" at the top of 
the ledge could be considered a limestone conglomerate or breccia 
composed of poorly cemented dark gray nodules in a lighter gray 
groundmass. "Peanut rock" is easily eroded and many exposures of the 
Bethany Falls ledge do not show the total thickness of between 15 and 
24 feet, averaging 20 feet, for the ledge. This is why the top of 
the ledge displays a heavily weathered surface and usually lacks a
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soil cover. The upper portion is grayish to white, mottled, nodular 
in structure and quite thinly bedded. Generally the competancy or 
resistance to crumbling decreases with increasing height in the 
rooms - or as the upper part grades into what has been designated 
the "Peanut Rock". Also as the top of the unit is approached, the 
concentration of dark mottles increases and sometimes the mottles 
become smaller giving the appearance of a leopard's skin. It has been 
speculated that mottling is the result of algal secretions. Even 
though the lower part is more even grained and firm, it too splits 
into thin beds upon exposure.
Principal structural units of the Bethany Falls Limestone Member 
comprise two sets of vertical joints, striking northeast and north­
west, and occurring at intervals of five to 20 feet. This spacing 
allows large blocks to form and to slump when the underlying soft 
to platy Hushpuckney Shale weathers back underneath the Bethany Falls 
Limestone ledge.
Throughout the width of Jackson County, the narrow outcrop of 
the Bethany Falls Limestone Member is fairly continuous except where 
it is present on the tops of some of the Sniabar Hills, forming
goutliers in the Pleasanton lowland of the Sniabar Valley.
2. Geology of the Bethany Falls Limestone Member in Wyandotte 
County, Kansas. The Bethany Falls Limestone Member is the lowest 
unit exposed at the surface in Wyandotte County. Formations and 
members of the Bronson Subgroup show up in the bluffs near the con­
fluence of the Kansas and Missouri Rivers and along the Kansas River,
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on the north side, possibly just east of Edwardsville, and on the 
south side in the area near Morris. The best exposures of the Bethany 
Falls Limestone Member are provided by a structural high (west limb 
of a gentle syncline) seen at the bluff just east of Morris at the 
location of Inland Quarries. The Bethany Falls dips below the flood 
plain of the Kansas River a mile west of Turner. It outcrops again 
a short distance northeast of the town of Argentine, Kansas. The 
rock units above the Bethany Falls - those of the Winterset being 
of primary concern in this research - also show up in this structural 
high or rapid rise in the units, in the vicinity of Inland Quarries 
(small distance north and east of Morris) with a corresponding sudden 
dip to the east, without disappearing below floodplain level. These 
units dip upward at Turner and show up in a thick or complete exposure 
at Argentine. The locations of these outcrops and the towns they are 
located near can be discerned by looking along the bluffs on the south 
side of the Kansas River as indicated on the west central edge to 
central portion of the Shawnee seven and one-half minute quadrangle map 
put out by the U.S. Geological Survey. A ledge line of Bethany Falls 
stands above the flood plain of the Kansas River a small distance west 
of Morris. Other than the previously mentioned exposures there have 
been no other exposures of the Bethany Falls Limestone Member identified 
on the north side of the Kansas River or any other location within 
Wyandotte County."*"̂
The description of the character of the Bethany Falls Limestone 
Member in Wyandotte County is essentially the same as that for the 
Bethany Falls Limestone Member in Jackson and Clay counties in
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Missouri. In Wyandotte County the lower part of the Bethany Falls 
Limestone Member is not exposed. Because of the wide-spaced bedding 
present in its upper portion, the Bethany Falls Limestone Member is 
quite massive, making it feasible to mine using the room and pillar 
method, such as is accomplished at Inland Quarries. This light gray 
upper limestone has just a few bedding planes and vertical joints.
The uppermost heavily nodular part of the Bethany Falls Limestone 
Member crumbles rapidly into small fragments. There does not appear 
to be an obvious 18 inches to two-foot layer of "peanut rock" at 
the top of the ledge outside the mine at Inland Quarries. However, 
several small and large chunks have been scaled from some of the 
pillars underground. A loose slab of broken rock fragments extended 
three-quarters of the length of a pillar from the top of the pillar 
down. None of this broken rock material, in particular from near the 
top of the pillars, could be called "peanut rock". However, there
were numerous shale partings in the upper portions of the pillars.
Broken rock fragments and slabs are probably the result of deterior­
ation due to atmospheric conditions underground or in infrequent
instances a type of pillar failure, as in the case of the slab of
rock. This is a mottled limestone with more dark spots showing up 
toward the top of the pillar or ledge outside. These dark spots 
represent nodular masses possibly produced by the work of lime- 
secreting algae. On some slopes, not noted at certain places along 
the bluffs of Inland Quarries, weathered, rounded blocks of the upper 
unit have slumped.
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3. Geology of the Bethany Falls Limestone Member in Johnson
County, Kansas. About the only exposure of the Bethany Falls in
Johnson County, Kansas, is near stream level on Indian Creek at the
state line. Only the upper part of the member is exposed on the
Kansas side of the Johnson County line. Again, the upper part
weathers into large, rounded blocks, showing few joints. Drab, soft,
highly nodular and rather unfossiliferous limestone characterizes the
upper few feet of the upper part of the Bethany Falls Limestone Member.
Where there is an entire exposure of the Bethany Falls Limestone
Member in adjacent Jackson County, the lower part of the limestone
is similar to the lower part exposures in Miami County, consisting
of even-bedded, gray limestone with a few thin shale partings. Where
the entire thickness of the Bethany Falls Limestone Member is exposed
on the Missouri side of the state line and Johnson County line, the
9thickness is about 20 feet.
C. GEOLOGY OF THE WINTERSET LIMESTONE MEMBER
1. Geology of the Winterset Limestone Member in Jackson County, 
Missouri. The Winterset Limestone Member has a thickness of from 
20 feet to 30 feet. Essentially the lower part of the Winterset 
Limestone Member consists of primarily medium crystalline, wavy-bedded 
limestone with interbedded shale. The upper part is commonly very 
cherty and locally oolitic. The uppermost part is generally 
siliceous. Common fauna in the Winterset include algal material and 
a large variety of other fossils. The Winterset Limestone Member 
has very little commercial value because of interbedded shale in the 
lower part and chert and other deleterious material in the upper part.'*''*'
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In general, the Winterset Limestone Member consists of two 
sections of limestone beds with intermittent shale layers or seams 
separated near the center by a two to three foot thick layer of 
shale. Even though the character of the beds exposed may change from 
one exposure to another in the Kansas City area, there is a general 
upward progression of the units. From the base upward the basal unit 
(ledge) consists of a thin limestone, a thin shale, and a massive 
ledge of limestone about five feet thick. Upon weathering, the massive 
ledge of limestone splits up into layers about one foot thick. This 
ledge is a gray, fairly dense, fossiliferous limestone which 
sometimes may contain some chert, but not as much as in the upper 
section of limestone. A thin shale parting separates this five foot 
ledge from the next bed above which is a two-foot bed of limestone.
This two-foot bed of limestone is of a similar composition to the 
five foot bed below. The shale parting between the two is sometimes 
missing and the two ledges appear to be one. There is another 
ledge, before the two to three foot thick shale layer, showing a 
variation in texture atop the previous two-foot bed and occasionally 
separated from it with a thin layer of shale. This last unit of the 
lower section is from six to eight feet thick. A distinct change of 
texture occurs about halfway from the top in some areas around Kansas 
City (i.e., 29th and Southwest Boulevard). Intermittent spots of 
chert produce this texture.
Two to three feet of shale separates the lower section of lime­
stone from the upper section. The upper section is from 12 to 15 
feet thick. Black chert commonly is present in the form of nodules
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and thin beds, in particular near the top of the Winterset. In some 
outcrops (i.e., at Beyer Crushed Rock Quarry) only the argillaceous 
limestone is present and the chert is absent. The chert is also found 
in the lower section, discussed previously, to a certain extent in 
some exposures. A dark blue-gray argillaceous limestone in the upper 
section which appears to become more argillaceous as the top of the 
unit is approached can be found at Beyer Crushed Rock Quarry. The 
lower part of the Winterset at this location is present in another part 
of the quarry. Weathering of the cherty upper part of the Winterset 
causes it to separate into irregular beds along shaly bedding planes. 
The chert can also be blue as exemplified in an outcrop seen at the 
Great Midwest Mining Corporation Quarry operations at Randolph, 
Missouri. At this outcrop the upper beds of the upper section 
(approximately four to six feet) are composed of almost solid chert.
The lower part of the upper section also has a high percentage of 
chert. (See. Fig. 4 for an example of this outcrop.) Black chert of 
the upper Winterset (Fig. 5) can be seen along Highway M-291 one and 
one-quarter mile from the intersection with 1-70 in a very thin out­
crop .
The upper unit of the Winterset Limestone Member is bluish in 
unweathered outcrops, but alters to gray where weathered. Limestone 
at the top of the Winterset may be oolitic and cross-bedded. Some 
examples of the oolitic cross-bedded limestone occur at the following 
localities north of Seventy-Fifth Street where oolitic cross-bedded 
limestone underlies the beds containing the black chert in Section 16, 
T.47N., R.33W., eight feet of oolitic limestone overlie chert bearing
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Fig. 4. Exposure of the weathered Winterset Limestone Member with 
abundant blue-gray chert in the upper part of the exposure 
at Great Midwest Mining Corporation Quarry, Randolph, 
Missouri
Closer view of upper part of Winterset showing thick layers 
of dark chert or flint along the east side of M-291, one and 




limestone; and in Section 29, T.48N., R.33W., just west of the Big 
Blue River where gray, oolitic and cross-bedded limestone (four feet) 
overlie four feet of irregularly bedded limestone with black and blue 
chert. The latter sequence is underlain by four feet of blue
g
crystalline limestone.
2. Geology of the Winterset Limestone Member in Wyandotte 
County, Kansas. The Winterset Limestone Member at Inland Quarries 
in Wyandotte County has been described in a similar way to the 
Winterset in Missouri. There is a lower part of the Winterset 
limestone which is argillaceous, thick bedded and light gray to 
bluish dove. Limestone of the lower part of the Winterset Limestone 
Member at the bluff of Inland Quarries underground mining and developed 
space also appears to be a thin bedded limestone with wavy bedding 
plane surfaces. For the first four to five feet above the Galesburg 
Shale the limestone, overall, has a thinner bedding than the upper 
part of the Winterset Limestone Member. In the three or four feet 
above this lower limestone and below the black cherty layer the 
rock appears to have slightly thicker bedding, ranging up to one 
foot in thickness, and possibly becoming medium bedded toward the 
top of this interval. A shale layer shows up beneath a five-inch to 
eight-inch limestone layer beneath the black chert ledge. This can 
be seen in Fig. 6 as a sloping brown-gray layer with a bit of green 
scrubby vegetation growing out from this zone. A similar line of 
plant growth can be seen in the same figure along the central portion 
of the lower part of the Winterset Limestone Member, possibly
?8
Fig. 6. Lower part of the Winterset Limestone Member with black cherty 
layer (possibly very cherty limestone) on top at Inland 
Quarries. Below the Winterset Limestone Member seen in this 
photograph is the Galesburg Formation and the Bethany Falls 
Limestone Member. This outcrop forms part of the Kansas River 
bluff along Inland Drive at Inland Quarries.
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delineating a shale seam or parting. There seems to be a larger 
number of shale partings in this lower part when compared to the upper 
part of the Winterset Limestone Member. The central shale layer is 
also present above the lower unit. The shale is black and platy at 
and around Morris, Missouri. Thin-bedded and flaggy limestone is 
prevalent in the upper part of the Winterset Limestone Member according 
to past descriptions. In the literature, a continuous zone of flint 
nodules has been described for the upper part of the Winterset 
Limestone Member. Flint in the upper part of the Winterset Limestone 
Member in Wyandotte County is mainly black or bluish in color with 
occasional streaks of white chert.
At the bluff where Inland Quarries is located, there is a heavily 
fractured and broken three-foot bed of limestone with a high chert 
content. The chert is black with irregular lines of white chert in it 
positioned possibly a foot or two from the top of the lower part of 
the Winterset Limestone Member. The uppermost units of the lower part 
of the Winterset on top of the black cherty layer just described appear 
to be a few thin limestone layers interbedded with a dominant shale.
The middle shale member is present above this black cherty layer. It 
is argillaceous medium-gray shale which slopes back from the edge of 
the top limestone unit of the lower part of the Winterset Limestone 
Member back underneath the lower limestone bed of the upper part (or 
section) of the Winterset Limestone Member. Very sparse vegetation 
occurs on this sloping weathered shale.
The upper part (or section) of the Winterset Limestone Member 
appears to be thin, with possibly very thin bedded limestone with
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wavy bedding plane surfaces throughout the lower seven to eight feet. 
This upper part limestone is light gray, weathering tan, and appears 
to have a low chert content when viewed from a distance. Due to the 
inaccessibility of this section of the Winterset Limestone Member 
close examination of the beds to determine chert content was not 
possible. See the four photographs of the bluff at Inland Quarries 
underground mine and developed space in Figs. 6, 7, 8 and 9. Except 
for bedding plane irregularities, no other structure was noted at 
this site (Inland Quarries).
Outcrops of the Winterset Limestone Member in Wyandotte County 
occur only along the lower part of the river bluffs and in the 
larger valleys in the eastern portion of the County. Exposures of 
the Winterset Limestone Member along the Missouri River in Kansas 
City, Kansas are covered or topped by a thick mantle of loess. An 
outcrop along the Missouri River floodplain, cited in the literature, 
is a bluff a short distance north of the Kansas City, Kansas water­
works. Outcrops along the Kansas River include the following: an 
outcrop of the upper part of the Winterset Limestone Member along the 
base of the bluff on the north side of the Kansas River from 
Eighteenth Street to City Park; at the Winterset Limestone Member's 
farthest extension to the west, on the north side of the river, at 
the bridge over Mill Creek at the town of Muncie, where only the 
lower part of the Winterset is exposed; and on the south side of the 
river a short distance northeast of Morris, as at Inland Quarries, 
along the floodplain in a synclinal dip to Argentine, Missouri where 
it is exposed well above the floodplain.^ Outcrops of the upper part
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Fig. 7. Upper part of the Winterset Limestone at Inland Quarries.
Note the black cherty layer of the lower part of Winterset 
Limestone Member, seen in Fig. 6, can be seen at the bottom 
of the photograph.
Fig. 8. Winterset Limestone Member above a portal in the Bethany Falls 
Limestone Member at Inland Quarries. The Bethany Falls 




Fig. 9. Close up view of Fig. 8.
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of the Winterset Limestone Member occur at several places along Turkey 
Creek on into Johnson County in Kansas. The Winterset Limestone 
Member is highly fossiliferous with a concentration of molluscal 
fauna including cephalopods and amanoids near the top of the upper 
part. Areas along Turkey Creek are ideal for collecting.
The literature mentions a second basal limestone observed at 
Dennis, Kansas, below what would be correlated with part of the 
Galesburg in the Kansas City area, as being part of the Dennis 
Formation. Since this lower limestone unit does not extend into 
northeastern Kansas and does not make up part of what has long been 
known to be the typical Winterset Limestone Member, it has not been 
included in the section of the Winterset Limestone Member of the 
Dennis Formation. For the Pennsylvanian section represented at Dennis, 
Kansas, this second or basal limestone is a separate unit of the 
cyclic succession of strata that characterizes the main limestone 
formation in this part of the Pennsylvanian section. ̂
3. Geology of the Winterset Limestone Member in Johnson County, 
Kansas. Outcrops of the Winterset Limestone Member in Johnson County 
are sparse; and occur along Turkey and Indian Creeks for a short 
distance into the county. It has the same general lithologic 
characteristics as the other exposures occurring nearby in Wyandotte 
and Jackson Counties - is primarily dove-gray, slightly argillaceous, 
even-bedded limestone containing a limited number of black chert 
nodules near the top. Exposures of the Winterset Limestone Member 
along Indian Creek are present at the middle of the east edge of 
Johnson County. The uppermost part of the Winterset Limestone Member
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County. A widespread, and numerous molluscan fauna is present at the 
top of the Winterset Limestone Member in the northern part of 
Johnson County, where the rock is vaguely oolitic. Along the Big 
Blue River in Missouri near Martin City and elsewhere, the upper 
part of the Winterset Limestone Member is oolitic and might incorrectly 
be thought of as a local facies of the Westerville Limestone.
D. ECONOMIC VALUE AND USES OF THE BETHANY FALLS AND WINTERSET 
LIMESTONE MEMBERS
Most quarries in the Bethany Falls Limestone Member have provided 
crushed rock for road aggregate, concrete, agricultural lime and 
Portland Cement. Mainly crushed rock has been produced from the 
Bethany Falls Limestone Member. Laboratory tests run in 1917 at the 
Missouri Bureau of Geology and Mines on specimens of the Bethany 
Falls Limestone Member from the Knapp Quarry at Sheffield showed the
gfollowing results:
Specific gravity 2.672




163.6 lb/ft3Unit weight, y
Tensile strength 713.25 psi
Crushing strength 13,140.6 psi, perpendicular to bedding 
12,710.0 psi, parallel to bedding
Tensile strength 1,644.5 psi
Crushing strength of 14,250.7 psi 
samples subjected to 
freezing test
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Many years ago when crushed rock was needed for building rock 
roads, contractors would set up portable crushers near a convenient 
rock ledge along the section of the road being constructed and used 
the ledge as a source for crushed rock.
In a 1917 publication on the geology of Jackson County a few 
crushing plants, possibly non-existent now, were mentioned for pro­
ducing crushed stone from the Bethany Falls Limestone Member for 
concrete and railroad ballast. These plants were the Dolese Plant 
at Greenwood, the crusher on Mill Creek, and the crusher on the 
Chicago & Alton Railroad near Selsa and the McTernin-Halpin Plant on 
Swope Parkway.
The Winterset Limestone Member is of poor quality for use as 
rubble. Crushed stone produced from the Winterset is not as good 
a quality as crushed stone produced from other limestone units.
This is evidenced by the very few crusher plants operating solely 
off the Winterset Limestone Member. However, it has been occasionally 
quarried - where argillaceous and lacking in chert - in conjunction 
with and mixed with underlying limestone - particularly in production 
of Portland Cement. Occasionally quarries opened for road building 
purposes have been opened in the Winterset Limestone Member. The 
high content of chert in the upper part in addition to the interbedded 
shale layers and seams of varying thickness prevent this member from 
being a favorable source of crushed aggregate. However, where there 
is enough limestone to mix with the shale the unit has been quarried 
by itself for cement mix (i.e., Missouri Portland Cement Company).
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Sometimes the shale and limestone of the Winterset Limestone Member 
has been combined with the underlying Bethany Falls Limestone Member 
for cement production where the thicker limestone units of the 
Winterset Limestone Member already had been utilized (i.e., Missouri 
Portland Cement Company). Winterset Limestone Member shale alone has 
also been used in conjunction with the Bethany Falls Limestone Member
gfor Portland Cement production.
Due to the impurity of the Bethany Falls Limestone Member and 
Winterset Limestone Member they cannot be burned to a white lime.
Most of the Winterset Limestone Member tends to weather tan to yellow, 
indicating the presence of iron. It is understood that the Winterset 
Limestone Member is argillaceous in some exposures with several shale 
beds. But the Bethany Falls Limestone has clay or shale along 
numerous bedding planes, also, making it unsuitable for producing 
white lime. The Bethany Falls Limestone Member is the best suited for 
producing agriculatural lime, although the Winterset Limestone Member 
has been quarried for agricultural lime in some areas. The Bethany 
Falls and Winterset Limestone Members are being quarried at the present 
for agricultural lime at McKee Quarries near the county line of 
Jackson and Cass Counties on the Cass County side. Limestone units 
stratigraphically lower than the Bethany Falls Limestone Member in the 
Kansas City Group do not produce as good an agricultural lime as the 
Bethany Falls Limestone Member.
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E. GEOLOGY OF THE ARGENTINE LIMESTONE MEMBER
1. Geology of the Argentine Limestone as seen along the Missouri 
River, in Missouri, and Western Jackson County. The Argentine Limestone 
Member of the Wyandotte Formation (Zarah Subgroup) forms wide upland 
ridges (elevations above 1000 ft. MSL) in the southern and western parts 
of the Lees Summit Quadrangle. Even though the Argentine Limestone 
Member exists in west central Jackson County (represents resistant 
cap rock) a considerable amount of its possible original thickness of 
35 feet has been eroded down to only five or ten feet at present. Just 
north of the Missouri River at Kansas City Quarries in Riverside 
approximately 12 feet of Argentine Limestone Member caps a point of 
land adjacent to and forming the road cut to Highway 169 at the North 
Kansas City exit to State Highway 9. Originally the hill was topped 
with an approximate 10 to 15 foot layer of orange-tan loess which has 
since been scraped off the top of the Argentine Limestone Member so as 
to quarry the Argentine Limestone Member. When the loess was still 
present the Argentine Limestone Member formed a ledge that protruded 
out from underneath the loess. The top of this ledge was flat and 
exhibited glacial striations with small pebbles of glacial erratics.
The glacial striations are still present on top of the undisturbed 
portion of the ledge in the road outcrop along the west side of 
Highway 169. A complete section, from the loess cap down to the 
Quivira Shale Member of the Cherryvale Formation can be seen in the 
roadcut directly across from this roadcut on the east side of
Highway 169.
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The Argentine Limestone Member is light to medium gray in 
unweathered outcrops and tan to brown when weathered. Weathered 
Argentine Limestone Member exhibits wavy bedding planes in outcrop. 
Fossils found in the Argentine Limestone Member include crinoids, well 
preserved (complete) brachiopods, bryozoans, and abundant algal 
material. Due to the fact the Argentine Limestone Member is very 
fossiliferous, the Argentine Limestone Member displays a rough and 
jagged surface texture on highly weathered surfaces."^ It is a 
fine to medium crystalline limestone with nodular and layered chert 
being prominent in some exposures (Lees Summit). In the Lees Summit 
Quadrangle a white chert float, a result of weathering of the 
Argentine Limestone Member, forms a major constituent of a residual 
soil of moderately pervious cherty clay which is present on the upland 
slopes, especially in the southern part of the Lees Summit Quadrangle. 
Soil atop the thin residual soils of the Argentine Limestone Member is 
derived from the loess. This modern, loess-derived soil has developed 
a soil profile which has resulted in an increase in clay in the sub­
soil (B horizon). Some of the clay in the subsoil in certain areas 
can be of the swelling variety, thus it has been recommended that the 
possibly negative consequences of placement of lightly loaded founda­
tions (one and two story structures) on this clay be carefully 
considered before construction on this soil material. The thickness 
of the Argentine Limestone Member in the Lees Summit Quadrangle and 
other parts of Jackson County is not adequate for rock tunneling 
purposes, but its surface expanse is acceptable for most types of
surface construction.
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2. Geology of the Argentine Limestone Member in Wyandotte and 
Johnson Counties in Kansas. The Argentine Limestone Member of the 
Wyandotte Formation of the Zarah Subgroup of the Kansas City Group 
as described in Wyandotte County is a thin-bedded, whitish or gray to 
pinkish, cherty and rather crystalline limestone. As seen most often 
in the typical outcrop the bedding is usually irregular and wavy; the 
base can be buff and shaly; and gray and brown chert usually in the 
form of nodules occurs in the upper part of the Argentine Limestone 
Member. The thickness of the Argentine Limestone Member varies 
throughout Wyandotte County with a general range in thickness from 22 
to 30 feet. Average thickness is around 28 feet. The Argentine 
Limestone Member is considered to be one of the thickest limestone 
units in Wyandotte County. A thickness of approximately 22 to 25 
feet of Argentine Limestone Member occurs at Loring Quarries west 
of Bonner Springs, Kansas near the southeast corner of the Bonner 
Springs Quadrangle, Fig. 1. There is underground mining and develop­
ment progressing within the Argentine Limestone Member at Loring 
Quarries as well as the Spring Hill Limestone located stratigraphically 
above.
As an overview the Wyandotte Formation consists of the Frisbie,
Quindaro, Argentine, Island Creek, and Farley Members. An old
grouping of the Frisbie, Quindaro and Argentine Members generally
called the Iola Limestone in the Kansas City region was used in the
9older literature, but has largely been discarded in recent times.
Throughout Johnson County the Argentine Limestone has variable 
thickness and lighologic character. It consists of whitish, hard,
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cherty and thin bedded limestone, in the northern part of Johnson 
County, along the Kansas River, Cedar Creek, and Mill Creek. The 
top of the Argentine in these areas is usually somewhat massive. When 
weathered, the lower part of the outcrop of the Argentine Limestone 
Member has frequently receded back farther than the upper ledge. The 
upper ledge is usually a pronounced feature and juts out noticeably 
in the exposures. This upper layer or ledge of the Argentine is most 
often oolitic or granular, and contains a molluscan fauna. At 
Holland Quarries, Prairie Mining Co. Quarries and an abandoned quarry 
pit adjacent to a landfill below Darrell’s Stone Quarries, this 
granular ledge shows up at the top of the outcrops, generally two 
reddish brown to pinkish beds of equal thickness totaling up to be 
anywhere from four to six feet thick. See Fig. 10. According to the 
publication entitled "Geology of Johnson and Miami Counties" put out 
by the Kansas Geological Survey, this top granular bed of the 
Argentine Limestone Member contains numerous Myalina ampla with a 
possible association of Fistulipora sp. locally. Fusulinids are 
uncommon or missing from the Wyandotte Formation in Johnson County 
in Kansas, and entirely absent in Wyandotte County, Kansas and in 
Jackson County. Thickness of the Argentine ranges from 25 to 28 feet 
in the northern and central parts of Johnson County. It is very 
thick in T.14S., R.25E., measuring over 35 feet at several places 
along the Big Blue River.
A guide fossil which might be of some use in differentiating 
between the Farely Limestone and the Argentine Limestone Member in 
the northeast part of Johnson County is the brachiopod Enteletes
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Fig. 10. 14 ft. high portal in Argentine Limestone (19 ft.) with pro­
nounced upper ledge of medium bedded limestone about five feet 
thick, as seen at Holland Quarries
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hemiplicatus var. plattsburgensis which occurs in the Farley Limestone, 
but not in the Argentine Limestone Member. Of note, except in the 
area just west of Paola, Kansas and a short distance west of Stanton, 
Kansas, and toward the southwest part of Miami County, Enteletes 
hemiplicatus var. plattsburgensis has not been found below the 
Plattsburg Limestone of the Lansing Group in other parts of Miami 
County.
Some uncertainties arise in southwest Johnson County where the 
Island Creek Shale Member thins out to nothing and the Farley 
Limestone Member merges with the Argentine Limestone Member so that 
the two units become indistinguishable. The combined limestone can 
be described as cherty, thin-bedded, and wavy, composed of white, 
hard limestone which is usually stained yellowish-brown by numerous 
thin ferruginous shaly partings. This combined unit of the Wyandotte 
Formation is not more than 20 feet thick.
As indicated in the previous paragraph, the Island Creek Shale 
starts out thick in the northern part of Johnson County and thins to 
the south. In northeastern Johnson County it ranges in thickness from 
six to fifteen feet. It thins to not much more than a foot thick 
toward the south. Along Hill Creek and Cedar Creek the Island Creek 
Shale can reach a thickness of approximately two feet. The Island 
Creek Shale is basically an argillaceous bluish-gray or buff shale 
where thickest. It is fossiliferous and/or limy where thin. At the 
south edge of T.15S., R.25E., in Miami County, the Island Creek Shale 
is no more than a shale parting. The Island Creek Shale pinches out 
about three or four miles north of Louisburg, Kansas in Miami County.
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Essentially in Johnson and Wyandotte counties in Kansas the 
Argentine Limestone Member of the Wyandotte Formation follows the 
valley of the Kansas River upstream to DeSoto, Kansas. Outcrops of 
the Argentine Limestone occur far up Cedar and Kill Creeks. At the 
study site located at the abandoned undergroupd quarry site started 
by Great Midwest Mining Corporation at the end of 107th Street south of 
DeSoto, Kansas along the bluff of Kill Creek, is another exposure of the 
Argentine Limestone Member. The Wyandotte Formation including the 
Argentine Limestone Member, extends up Mill Creek nearly to Olathe.
It is present in the Kansas River bluff as far east as Rosedale. The 
valley of Turkey Creek is also followed by the Wyandotte Formation 
beyond Merriam, Kansas. There is an outcrop of Argentine Limestone 
Member just off 1-635 along the exit ramp heading south to the inter­
section with Shawnee 10 and Merriam Drive. The Wyandotte Formation 
forms a marked bench along all the valley walls of the larger streams 
in the eastern part of Johnson County. Major tributaries extending 
a short distance into the southwestern portion of Johnson County also 
provide host valley walls for the Wyandotte Formation exposures.
In regard to structure in Johnson County, there is evidence of 
a slight upwarping with mainly vertical movement, during Bonner Springs 
time (i.e., post-Farley pre-Plattsburg) in the area of Loring (almost 
in Leavenworth County) and DeSoto, Lenape, and Bonner Springs, 
slightly to the west of the present course of the Kansas River. This 
uplift is represented by an unconformity in the locality of DeSoto,
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apparent shallow water deposit has also been described at DeSoto and
at a place a mile west of Bonner Springs at the county line, as being
a thinly cross-bedded, oolitic and coquina-like limestone. The
literature mentions a quarry near Loring, Kansas, possibly Loring
Quarries just over the county line in Leavenworth County, Kansas, where
the Bonner Springs Shale is one foot thick. Jewett and Newell have
shown that the course of the Kansas River from Bonner Springs to
Cedar Junction is in accordance with anomalies in the structure of the
9underlying rocks.
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III. DISCUSSION OF CERTAIN SITES WHERE THE BETHANY FALLS AND 
WINTERSET LIMESTONE MEMBERS WERE EXAMINED AND TESTED
A. UNION QUARRIES, INC., BANNISTER ROAD
Union Quarries operation is reached by taking Bannister Road 
one-half mile east of Highway 50 (350) to a haul road breaking off of 
Bannister Road to the south for about a quarter of a mile to the main 
office and the crusher plant, Fig. 1. Quarrying is being carried out 
underground at this quarry over 250 acres. The portals being actively 
used at this quarry are located in the Bethany Falls Limestone Member 
behind or south of the crusher plant. There are two inactive pits 
which have additional portals in the face of the Bethany Falls Lime­
stone Member. ^
At the eastern inactive pit the Bethany Falls Limestone Member 
is heavily weathered and broken and shows yellow-brown iron staining 
caused by the leaching of iron oxide or sulfide compounds from the 
overlying Galesburg Shale. The dark, moist traces, which result from 
water seeping out through the Galesburg Shale Formation over the face 
of the Bethany Falls Limestone Member can be seen in Fig. 11. The 
Bethany Falls Limestone Member is from 16 to 18 feet thick in this 
abandoned eastern pit. Two deteriorating portals, one with a failing 
roof, have an opening height of 12 feet. There appears to be a 
distinct break or parting seen in Fig. 11 that separates an upper six 
feet of thin to medium bedded limestone from a lower thin bedded 
limestone.
The thickness of the Winterset Limestone Member in the eastern 
pit is variable mainly because the top of the formation has been
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Fig. 11. Weathered Bethany Falls Limestone overlain by Galesburg Shale, 
Stark Shale Member, Winterset Limestone. Note:
Deteriorated portal. This is in the eastern inactive pit at 
Union Quarries south of Bannister Road and east of U.S.-50.
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stripped off to certain levels along the walls of the pit. In one 
area of the pit the exposed undisturbed Winterset Limestone Member 
is from 18 to 20 feet thick. Its total thickness, as indicated by 
measurements taken up through beds sticking out from soil cover, is 
close to 35 to 40 feet. The ledge of Winterset seen in Fig. 11 
appears to be a thinner exposure of 10 to 12 feet. Bedding is 
primarily thin with irregular bedding plane surfaces seen in the lower 
part of the Winterset Limestone Member. No chert was observed in the 
continuous uninterrupted ledge of beds tested and sampled, but there 
were a number of shale partings. This evidence would indicate that 
the lower part of the Winterset was being dealt with. The limestone 
is heavily broken and shows weathering to tan from light gray.
The Stark Shale Member can be easily seen as a black fissile 
shale layer about two feet thick atop the badly weathered Galesburg.
The gray Galesburg weathers back underneath the Stark as seen by the 
slope of debris beneath the Stark as shown in Fig. 11.
Schmidt rebound hardness readings were taken horizontally at 
various levels on the face of the Bethany Falls Limestone Member and 
the Winterset Limestone Member in this pit according to the scientific 
procedures set forth in section IV-A of this paper. Horizontal measure­
ments were corrected to vertical-downward. Marked oriented specimens 
of various size were collected from the two limestone members at this 
cut for use in the scleroscope hardness test and the Franklin Point 
Load test conducted in the laboratory and additional Schmidt hardness 
tests conducted vertically down.
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For the western pit, the Bethany Falls Limestone Member was the 
only member tested and sampled. The Winterset Limestone Member was 
not well exposed or was too thin. A short trip about a hundred yards 
back underground was made through one of the two portals there to 
observe, the pillars and environmental conditions underground. In the 
western pit the Bethany Falls Limestone Member exposed at the face is 
about 16 feet thick. The portal openings are approximately 12 feet 
high with four feet of Bethany Falls Limestone Member for roof rock 
at the portal. There are eight feet of Bethany Falls Limestone Member 
further back underground forming the roof rock. As described to me by 
the quarry operator, overburden in general reaches a thickness of ninety 
feet farther back in the underground mine. A range of roof thicknesses 
of from 40 to 90 feet has been given in the literature. This over­
burden thickness was arrived at by measurements of depth taken on an 
air shaft sunk at this quarry. The peanut rock in this west pit and 
possibly in the eastern inactive pit is fairly thin, approximately 18 
inches thick.
Union Quarry is an active underground quarry without improved
space. Prospectively, it will be active for many years in the future.
According to Report of Investigations Number 65 put out by the
Missouri Geological Survey, a large adit is being driven westward to
12gain access to railroad facilities. There are some local areas of 
ceiling deterioration, otherwise the interior is in favorable 
condition. Pillars mostly are in good condition.
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B. MISSOURI PORTLAND CEMENT COMPANY
The turnoff onto the access road to Missouri Portland Cement
Company is located along the road which intersects with Kentucky
Road at the locations of a VFW building and a blue house, Fig. 1.
Access was not obtained to the underground workings due to unstable
conditions within the mine. Report of Investigation Number 65
indicates that the quarry is not in operation and is being used for
12clinker storage, shops, and equipment storage. There are 300 acres 
of underground space back in the bluff at Missouri Portland Cement 
Company. Schmidt hardness tests and sampling were conducted at an 
outcrop along the access road to the plant. Plant management suggested 
this location would provide representative data for the underground 
area.
The thickness of the Bethany Falls Limestone Member exposed along 
a ditch with weedy overgrowth down the road toward the plant, from 
the Winterset Limestone Member outcrop does not show a full section 
of the Bethany Falls Limestone Member. There are about eight feet 
of Bethany Falls Limestone Member present in this little outcrop.
What is exposed here is the upper part of the Bethany Falls Limestone 
Member directly under what would be interpreted as the Galesburg Shale 
Formation with possibly the Stark Shale Member above - although 
the degree of its presence is questioned. The Bethany Falls Limestone 
Member exposed here is a light gray, thin to medium bedded heavily 
weathered limestone. See Fig. 12 for a photograph of the outcrop.
Up the access road, away from Missouri Portland Cement Company, 
about 22 to 25 feet of the Winterset Limestone Member is exposed
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Fig. 12. Weathered Bethany Falls Limestone Member along the access road 
to Missouri Portland Cement Company. The rock is dark gray 
wherever moisture is retained on the surface of the rock. A 
foot or two feet of rubble produced from weathering of the top 
of the Bethany Falls Limestone may be seen. There is a near 
vertical joint two feet to the right of the rock hammer.
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where the unit is not hidden by part of the hill slope. Bedding is 
generally thin up to a point about five feet from the bottom of the 
Winterset. From this point on up to a soil cover supporting bush and 
tree growth, the limestone takes on a white chalky (rough texture) to 
orange tan color with a six-inch gray-green layer of either calcareous 
shale or argillaceous limestone in the central portion of this inter­
val. The limestone in this tan, rough textured interval is thicker 
bedded than the Winterset Limestone Member below, Fig. 13. This 
light gray limestone which weathers tan is medium bedded above the 
six-inch gray layer. Large and small slabs of the white chalky 
textured limestone break off perpendicular to the bedding and accumulate 
as talus in the roadside ditch.
The soil cover and residual material from above probably conceal 
the middle Winterset Limestone Member, which probably consists of 
primarily shale with a few thin beds of limestone included.
The top part of the Winterset Limestone Member above the soil 
slope, although not subjected to close observation is a thin bedded - 
beds two to six inches thick - limestone which weathers dark gray.
It might contain some chert, but based on observations of the upper 
part of the Winterset member in other areas, very little if any.
Schmidt rebound hardness tests were conducted on the face of 
the Bethany Falls Limestone Member outcrop previously described. One 
area tested can be seen directly below the hammer in Fig. 12.
Unoriented boulders of white chalky textured Winterset Limestone 
Member were taken from the talus; ground off so they would set flat 
and the Schmidt impact hammer could be used in the vertical-down
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Fig. 13. Winterset Limestone Member along the access road to Missouri 
Portland Cement Company. The basal five feet are thin- 
bedded limestone. Tan medium bedded, rough textured lime­
stone overlies this thin bedded limestone. Dark gray lime­
stone at the top is thin bedded.
59
60
position. An unoriented sample, removed from the lower basal 
five feet of the Winterset Limestone Member, was tested for Schmidt 
hardness, but broke up during testing. There were no specimens from 
the top limestone tested.
Several fist-size and larger samples were collected for the 
Franklin Point Load test and the Shore scleroscope test.
C. ALROK QUARRIES, LTD.
Alrok Quarries is in the same Bethany Falls Limestone Member as 
Inner Space Storage and has the same geographic location as Inner 
Space Storage. The portals of Alrok Quarry are located to the north, 
opposite to those of Inner Space Storage. Underground space at Alrok 
is possibly part of the same underground open space complex that the 
warehouses and quarry operations of Inner Space Storage are located. 
Alrok Quarries is located just west of Highway M-291 approximately one 
mile north of the intersection of Highway M-291 and Kentucky Road,
Fig. 1.
Only the Bethany Falls Limestone Member was observed and tested 
at Alrok Quarries. Four to five pillars of Bethany Falls Limestone 
Member were observed and sampled near the farthest extent of mining, 
i.e., a solid face or wall of limestone straight back from the 
entrance portal to the mine. This limestone is light gray with dark 
mottling closer to the ceiling with medium to thick bedding. The 
second area visited underground was along the first row of pillars back 
from the front wall and the entrance portal. Four pillars, one from 
the front row and three in the second row back, were tested for Schmidt 
hardness in a horizontal position against a smooth ground surface.
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Occasionally a relatively even surface could be found on a pillar so 
that it was possible to take a reading with the Schmidt impact 
hammer. Readings, such as these, that were taken on non-ground rock 
surfaces agreed very closely with horizontal readings on ground 
surfaces.
Samples were collected and Schmidt rebound hardness readings 
taken in the vertical-down position on 40 to 50 pound oriented 
boulders. There is around a foot and a half of peanut rock at the 
top of the pillars. See Fig. 14 for a dark moist gray spot showing 
up near the ceiling, marking the spot where a large mass of peanut 
rock once resided, before being pried loose. Most of the pillars 
show some deterioration in the form of large chunks or slabs breaking 
off.
In quarrying or mining at Inner Space Storage Corporation, there
is 84% recovery of the limestone. Pillars are 20 feet square (i.e.,
20 feet by 20 feet) on 50 foot centers. Ceiling height is around 12
to 14 feet. Pillars were created so as to be directly under the
main northwest-southeast trending joint set. The previous fact also
holds for Alrok Quarries. There are between 30 and 40 feet of
overburden over the underground area covered by Alrok Quarries and
Inner Space Storage. Floor level underground is at an average elevation
of about 807.8 feet above sea level. As of the present there are around
one and one-half million square feet of developed space at Inner Space
Storage Corp. According to Report of Investigation 65, expansion can
12be made to 5,000,000 square feet.
6 2
Fig. 14. Bethany Falls Limestone Member at Alrok Quarries near Inner 
Space Storage Corporation. Note the dark area which has 
the characteristics of Peanut Rock.
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D. UNION QUARRIES, INC. NEXT TO GEOSPACE EXECUTIVE PARK
Union Quarries has an underground mining operation adjacent to 
Geospace Executive Park, Fig. 1.
At this site there are approximately 22 feet of Bethany Falls 
Limestone Member and about eight feet of Winterset Limestone Member. 
Limestone in both members was tested for Schmidt rebound hardness 
for various positions on their exposed faces. More tests were run 
on the face of the Bethany Falls Limestone Member because there was 
only a small amount of weathering and more surface area. Samples 
were taken from both the Bethany Falls Limestone Member and the 
Winterset Limestone Member for the purposes of running the Shore 
scleroscope and Franklin Point Load tests. Four or five oriented 
samples, weighing in at anywhere from 40 to 90 pounds each, of the 
Bethany Falls Limestone Member were collected for further Schmidt 
hardness testing in the vertical-down position. One large specimen 
of Winterset Limestone was also collected for additional Schmidt 
hardness readings.
The Winterset Limestone Member above the shale strata, between 
it and the Bethany Falls Limestone Member, has been highly weathered 
and is muddy brown. Bedding is essentially thin. Surface texture 
is rough due to the weathering of the softer material from around 
the harder material, usually fossils. From the bottom of the 
Winterset Limestone Member exposure upward, there is a seven-inch 
thick layer of weathered yellow-brown shale, a six-inch layer of 
limestone, and six inches of gray-brown shale.
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E. BEYER CRUSHED ROCK COMPANY
Beyer Crushed Rock Company is located on the east side of 
Highway 71 just north of Bannister Road, Fig. 1.
Maximum thickness reached for the Winterset Limestone Member 
in this quarry is 35 feet. A description of the outcrop sampled at 
this site from the base upward includes the following: 12 feet of 
gray-brown limestone; two feet five inches of shale with thin bedded 
broken limestone in the top one foot of shale; a two-inch shale 
parting; one foot four inches of blue-gray limestone showing three 
one-inch shale partings with one capping this unit, and 14 feet 
of blue-gray possibly argillaceous limestone virtually becoming a 
blue-gray shale at the top. The 14 feet of argillaceous blue-gray 
limestone appear to be more like a shale in the upper five feet 
in that it breaks along the direction of the bedding planes into 
large flat blocks. On the top of this outcrop there is a rubble 
left from the stripping off of the top part of the now missing 
Winterset Limestone Member.
Samples of what probably was the lower gray-brown Winterset 
Limestone Member were collected from another pit in the quarry. There 
are approximately 10 to 12 feet of this gray limestone which weathers 
brown.
In another area of the quarry in front of a little used portal 
in the Bethany Falls Limestone Member, there is a 20 to 23 foot 
exposure of Bethany Falls Limestone Member. From the portal the 
outcrop is located to the right, as the lowest water filled portion 
of the quarry pit complex is approached. In general, the lower 10
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feet of the Bethany Falls Limestone Member is brown-gray in color.
A two foot layer of mottled gray limestone with a lower density of 
dark gray patches than occur in the upper 10 feet of the outcrop 
under the peanut rock is present above the brown-gray limestone.
Dark patches in this two foot layer measure one to two inches across. 
The mottling in the upper 10 feet is much more pronounced, but the 
dark irregularly shaped patches are smaller than in the two foot 
layer just mentioned. It is believed that the dark spots become 
smaller as the top of the formation is approached.
Roof heights in the underground space run 12 feet. The area of 
the underground space is 400+ acres. Overburden thickness ran 75 to 
100 feet.
F. GREAT MIDWEST MINING CORPORATION
Great Midwest Mining Corporation is located south of Missouri 
State Highway 210 near Interstate 435 at Randolph, Missouri, Fig. 1.
The exposures of Bethany Falls Limestone Member sampled and 
examined closely at this site were the ledges on both sides of the 
portal and the hillside exposure opposite the portal. See Figs. 15 
and 16 for photographs of these exposures. The limestone overall is 
a light gray but the bottom five foot interval is a muddy brown-gray, 
denser or more crystalline limestone. This lower, mostly thin bedded, 
brown gray limestone has a noticeable fossil content. A type of 
brachiopod is the primary fossil recognized in this lower unit. The 
upper 10 feet of limestone is mostly medium bedded, light gray lime­
stone lacking noticeable mottling as found at other sights. Character­
istic peanut rock at the top of the unit appears to be missing.
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Fig. 15. Portal in the Bethany Falls Limestone Member with the Winter- 
set Limestone Member on the next level above at Great Midwest 
Mining Corporation Quarry, Randolph, Missouri
Fig. 16. Bethany Falls Limestone Member at the base with the broken, 
weathered surface of the Galesburg Shale Formation above.
Black fissile shale of the Stark Member and the basal part of 
the Winterset, respectively were above the Galesburg Formation. 




Fossils were not noticed in the upper light gray limestone. There was 
about 18 to 20 feet of Bethany Falls Limestone Member exposed in the 
ledges exposed at the quarry. The face of the Bethany Falls Limestone 
Member ledge is heavily broken in places with several vertical cracks 
parallel to the face. It is believed that most of these cracks did not 
coincide with joints. For the top two feet of the ledge the lime­
stone displays the heaviest breakage.
In Fig. 16 the dark blue-gray shale debris from the weathered 
Galesburg Formation, the black fissile shale of the Stark Member, 
and the basal 10 feet of the Winterset Limestone Member are very 
apparent.
On the bench level above the portal and the Bethany Falls Lime­
stone Member, the lower and upper part of the Winterset Limestone 
Member of the Dennis Formation stands in an exposure at a height of 
30 feet. Total thickness of the Winterset Limestone Member, if the 
remainder of the basal part of the Winterset Limestone Member below 
the bench level down to the top of the Stark is considered, is about 
33 feet. See Figs. 15 and 17 for a look at the same outcrop of the 
Winterset Limestone Member rising above bench level. The basal five 
feet of the Winterset Limestone Member beneath the medium to thick 
bedded light gray to tan, rough textured limestone, seen in Fig. 17, 
is a thin bedded - seven-inch to 12-inch beds - limestone with shale 
between the beds (i.e., partings). There are approximately 12 inches 
of dark gray shale at the top of this basal unit and below the tan 
limestone previously mentioned. There are 10 feet of this gray-tan 
limestone above the basal unit. Above the tan limestone is what
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Winterset Limestone Member of the Dennis Formation at Great 
Midwest Mining Corporation Quarry, Randolph, Missouri.




most likely is the upper part of the Winterset Limestone Member con­
taining chert in the upper beds, but possibly less chert than found in 
beds of the upper part of the Winterset Limestone Member in another 
part of the quarry where only the bottom six and one-half feet of 
the upper part of the Winterset is exposed. The upper part above 
bench level is generally thin bedded limestone of a light to medium 
gray with dark gray shale partings along many of the bedding planes.
The top six feet possibly has beds slightly over one foot thick, thus 
categorizing this interval as medium bedded. The total upward 
sequence of Winterset Limestone Member, with major divisions described, 
resembles the upward sequence described at the outcrop along the 
access road to Missouri Portland Cement Company. The middle gray-tan 
limestone at Great Midwest Mining Corporation probably correlates with 
the light gray to tan chalky textured limestone of the outcrop along 
the access road to Missouri Portland Cement Company. The divisions 
above and below also correlate well with those seen at the outcrop to 
the southeast across the Missouri River at the roadcut near Missouri 
Portland Cement Company.
Another, and possibly incomplete, exposure of the Winterset 
Limestone Member can be seen on the north side of the haul road to 
the crusher and the portal. See Fig. 4. The basal unit below the 
tan gray limestone is not exposed in this outcrop. The middle shale 
layer, which is more apparent in other exposures of the Winterset 
Limestone Member, is possibly represented by a two and one-half foot 
interval of yellowish brown earthy (weathered) shale with interbedded 
very thin limestone layers. This shale-interbedded limestone layer
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seen in Fig. 4 has receded back beneath the overhanging upper 
cherty limestone due to weathering. Thin bedded (two inches up to 
six inches) cherty limestone with numerous brown earthy shale layers 
and partings occurs for about four feet above the suspected middle 
shale layer. Above this and for about six and one-half feet to the 
top, either limestone with a high percentage of blue chert or blue 
chert having no limestone is present. Bedding is thin (six to 12 
inches) becoming medium in the central part of this unit. Light gray 
medium bedded limestone is present beneath the brown earthy shale 
layer. See Fig. 4 for a view of this exposure.
In Report of Investigations Number 65 put out by the Missouri
Geological Survey, the quarry has an underground area of 300 plus
12acres. Total underground space is about 600 acres. This figure 
could include underground space to be developed or already developed 
space leased out by Great Midwest Corporation. Underground space at 
the quarry extends back into the Bethany Falls Limestone Member under­
ground to join up eventually with developed space of Great Midwest 
Corporation. Portal openings used by the general public are located 
along the base of a bluff along the Missouri River flood plain north 
of Highway M-210. Some localized ceiling collapse has been reported 
on the west side of the quarry. Back or ceiling height is variable, 
15+ feet. The height of the portal at the quarry is around 12 feet 
high. Pillars are spaced on 60 foot centers and are 20 feet across. 
Height of overburden varies from 50 to 80 feet.
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G. MARTIN-MARIETTA QUARRY
The Martin-Marietta Quarry is operated by Great Midwest Mining 
Corporation. The Bethany Falls Limestone and some Winterset Limestone 
are quarried at this site. This quarry was reached by taking Highway 
24 east from its intersection with State Highway 291 to a point half 
a mile east of Hydrodynamics on the north side of Highway 210, Fig. 1. 
Quairying at this location was above ground.
Maximum thickness of the Bethany Falls Limestone Member at this 
quarry is 18 to 20 feet. Included in this thickness is a one foot 
layer of peanut rock (deteriorated Bethany Falls Limestone Member) 
capping the exposure. The Bethany Falls Limestone Member is a medium 
gray limestone becoming mottled after the first six feet up from the 
base. From this position on up to the top the dark patches become 
smaller and more numerous. Near the top the dark patches become 
elongated.
The Galesburg Shale Formation and the black fissile shale of the 
Stark Member of the Dennis Formation are present above the Bethany 
Falls Limestone Member.
Above the Stark Shale the maximum exposed thickness of the 
Winterset Limestone Member observed in this pit is around 14 feet.
There is a basal thin bedded, medium gray limestone beneath a seven 
to nine-inch layer of limestone which stood out as a white rim near 
the top of the exposure of Winterset Limestone Member in the photograph 
of Fig. 18. The limestone above this white rim is basically thin to 
medium bedded Winterset Limestone Member with a tan or light gray 
color. This light gray limestone probably correlates with the gray-tan
75
Bethany Falls Limestone overlain by Winterset Limestone 
at Martin-Marietta Quarry operated by Great Midwest Mining 





limestone seen at Great Midwest Mining Corporation. The Winterset 
Limestone Member is very broken on the face of the exposure, possibly 
due to disturbance of the rock through excavation. Weathering has 
contributed to the breakdown and discoloration, i.e., darkening of 
the limestone. Some of the Winterset Limestone Member has possibly 
been stripped off the top, thus accounting for the reduced thickness 
exposed in this pit. Chert was not observed, indicating only the 
lower part was present. See Fig. 18 for the photograph showing the 
exposures of the Bethany Falls Limestone Member and the Winterset 
Limestone Member on two levels in the quarry.
It should be noted that where the concentration of dark patches 
in the Bethany Falls Limestone Member is high, as in layers near 
and at the top of the exposure, the rock tends to break up easier 
during the preparation or testing stage for Schmidt hardness.
Suitable specimens of this upper limestone for use in the Franklin 
Point Load test were very rarely found. This was true of not only 
this quarry, but several others where the top-most Bethany Falls 
Limestone Member simply broke off in one's hands, usually in flat 
chunks parallel to the bedding. Schmidt hardness readings were taken 
parallel to the face of the Bethany Falls Limestone Member at this 
quarry; and samples were collected for the scleroscope hardness 
tests and Franklin Point Load tests.
Samples of suitable sizes for all three tests were collected 
from the Winterset Limestone Member at various elevations on the face. 
No in-situ Schmidt hardness readings were taken perpendicular to the 
face because surfaces were too rough and weathered.
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H. ROCK ACRES QUARRIES, INC.
There are actually two sites for this quarry. One is the NŴ ;, 
m h y Sec. 6, T.48N., R.31W. and NE*z;, SE^, Sec. 1, T.48N., R.32W. One 
of the sites is an underground quarry containing about 100 acres and 
the other is a two-acre underground quarry. Limestone production from 
the 100 acre quarry has almost ended. Production could continue at 
the smaller quarry.
There are approximately 22 feet of Bethany Falls Limestone 
exposed at the portals of the underground area on the east side of 
Lees Summit Road. These portals are located up on the hillside away 
from the road and at the end of a haul road up the hill behind the 
quarry office. Portals are 14 feet high. The first nine feet of 
limestone from the base upward is thin bedded gray limestone. Nine 
feet up from the base there is a pronounced bedding plane above 
which is a medium bedded beige-gray limestone with dark blue gray 
splotches. There appears to be no development of peanut rock at the 
tops of the exposed ledges, either on this side of the road or on the 
west side of Lees Summit Road where samples from the Winterset Lime­
stone Member were collected. Samples from the Bethany Falls Limestone 
Member were collected from pillars in the underground space on the 
east side of the road. A few samples for the three tests were 
collected from just inside the portal. See Fig. 19 for a view of one 
of the portals in the ledge. From a view looking northeast from the 
top of the Bethany Falls Limestone Member above a little used portal 
on the west side of Lees Summit Road, one could look right into the 
weathered joint openings in the Bethany Falls Limestone Member ledge.
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Portal in the Bethany Falls Limestone Member at Rock Acres 




At this location the Bethany Falls Limestone has weathered out, by 
solution activity, from the hillside in such a way as to stand as 
immense vertical blocks. See Fig. 20 where this weathered ledge has 
been shown in a photograph.
There is what amounts to a very thin exposure of Winterset Lime­
stone Member - approximately three feet thick - above the Bethany 
Falls Limestone Member shown in Fig. 21. This thin outcrop of 
Winterset Limestone Member is on the next level above the portal 
located at the end of an access road on the west side of Lees Summit 
Road. The outcrop essentially consists of a gray fossiliferous, thin 
bedded limestone which has weathered brown. See Fig. 21 for a view 
of this limestone. Irregular and wavy bedding shows up well in this 
weathered exposure. Exposures of the Winterset Limestone Member at 
Rock Acres are very poor and this exposure is the most distinct and 
accessible.
When this quarry was visited, the shale floors underground 
were wet and muddy, especially around the base of the pillars. At 
or near the back or terminus of excavation on a line straight back and 
to the left from the portal, possible evidence of roof collapse may be 
seen. Light from the surface was apparent on the surface of a pile of 
rubble from the ceiling. This route to the surface might have been 
intentional, but this is doubtful. Overburden thickness in this area 
of the mine might have been minimal, say 20 feet or a little bit more. 
Overburden thickness generally ran 20 to 50 feet - less than at some 
other quarries. Pillars are evenly spaced, except near portals 
(entrances).
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Fig. 20. Weathered Bethany Falls Limestone Member at Rock Acres
Quarries west of Lees Summit Road. Note: weathered, open 
joints
Fig. 21. Exposure of thinly bedded, weathered Winterset Limestone 
Member at Rock Acres Quarries, west of Lees Summit Road
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I. BRUNSON INSTRUMENT COMPANY
Brunson Instrument Company was located right off 1-435 at the 
23rd Street exit, Fig. 1. This underground site was quarried and 
developed in the middle 1950s by the Brunson Instrument Company for 
the single purpose of placing their surveying instrument manufacturing 
plant. Brunson Instrument Company is the only site in Missouri where 
rock production was not the original purpose of rock excavation. Four 
stalls excavated into the Bethany Falls Limestone Member, adjacent 
to the instrument company, are used for R.V. (recreational vehicle) 
storage. These three or four stalls are interconnected in back 
(underground). The Bethany Falls Limestone was studied and sampled 
in this underground area. Ceiling height at this location is 11 
feet. There are eight acres of underground space occupied by Brunson 
Instrument Company. The Hushpuckney shale is prone to swelling at 
this site, thus creating noticeable floor heave - sometimes as much 
as six inches. Ceiling height in the R.V. storage area is actually 
12 feet, see Fig. 22. "Stubby", the man in the picture is six feet 
tall.
Bethany Falls Limestone Member at this site shows from six to 
eight feet of a medium gray thin to medium bedded limestone showing 
no mottling and numerous shale partings. The upper approximately 12 
feet is medium bedded, light gray limestone possibly becoming mottled 
to nodular in the upper four feet.
The weathered Galesburg Shale with plant growth, with black 
fissile Stark Shale and the Winterset Limestone Member are present 
above the Bethany Falls Limestone Member. The Winterset Limestone
85
Fig. 22. Bethany Falls Limestone Member as seen in the R.V.




Member has a limited exposure at this site. The basal three and one- 
half feet appear to be a very thin to thin bedded light gray lime­
stone weathering medium gray. A medium to possibly thick bedded 
tan-gray limestone juts out a few inches over the basal three and 
one-half feet. The thickness of the upper level amounts to 
approximately six feet. Thin bedded light gray limestone situated 
on a four to six-inch shale parting probably rests on the thick 
tan-gray limestone. This top layer of limestone is about two 
to two and one-half feet thick. Observations of this limestone 
were made from the parking area at Brunson Instrument Company at the 
base of the bluff. In Figs. 23 and 24 outcrops of the Winterset 
are seen.
Additional underground industrial storage facilities are 
located across the road from the entrance to Brunson Instrument 
Company. A view of the Bethany Falls Limestone Member ledge in which 
these storage facilities are situated can be seen in the roadcut on 
the south side of 23rd Street diagonally across to the southeast from 
Brunson Instrument Company. In Fig. 23 this outcrop of the Bethany 
Falls Limestone Member along with a limited exposure of the Winterset 
Limestone Member on top and on the left hand side of the photograph 
is seen.
J. MISSOURI ROCK, INC., QUARRY
Report of Investigations Number 65 put out by the Missouri
Geological Survey called a quarry located in the vicinity of Courtney
12Road, Blue Valley Crushed Stone Quarry. However, the quarry visited
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Fig. 23. Bethany Falls Limestone Member at the bottom of the photograph 
with the Winterset Limestone Member forming the top ledge. 
Note, the stalactites in the lower right hand corner of the 
photograph. Location: Brunson Instrument Company
Bethany Falls Limestone Member ledge across the street to the 
south from Brunson Instrument Company. Note, part of the 
Winterset Limestone Member above the Bethany Falls Limestone 




in this study is located just off Courtney Road to the east and 
is actually an adjacent property just to the north of Alrok 
Quarries. City Wide Asphalt Co. can be seen in the distance across 
Missouri State Highway 291 if one is standing at the level of the 
upper Winterset Limestone Member in the east end of the pit complex 
of the quarry.
This site is of particular interest to this study and to 
geologists in that the Bethany Falls Limestone Member pinches out 
to a minimum thickness of three to four feet and a black shale takes 
its place in the stratigraphic succession. In Figs. 25 and 26 this 
pinch-out and shale substitution is seen. Where this shale 
intervenes in the stratigraphic succession it is not economical, 
to mine the thinner sections of the Bethany Falls Limestone Member and 
the beds of the Bethany Falls Limestone Member take on a different 
appearance and character than what would be considered normal.
One sample of the Bethany Falls Limestone Member collected from 
possibly the thinnest, about five feet thick, remnants is a buff 
gray limestone with darl blue-gray splotches measuring an inch 
across giving the limestone the appearance of being polka dotted.
The Winterset Limestone Member essentially consists of three 
segments in its maximum exposed thickness above the Bethany Falls 
Limestone Member pinch-out. This may be seen in Fig. 26. The basal 
five feet is a medium bedded very light gray limestone that 
weathers tan to yellow-brown. For the next five feet above this the 
limestine is thin bedded light gray limestone weathering tan. The 
next seven and one-half to eight feet of limestone, to the top of 
the outcrop is medium bedded becoming thick bedded near the top.
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Fig. 25. Thinning out of the Bethany Falls Limestone to approximately 
five feet in a facies change to shale
Fig. 26. Entire thickness of Winterset over shale of the Bethany Falls 




Most likely, some of the Winterset Limestone Member has been scraped 
off the top. Shale partings or thin layers are probably present in 
the middle section to a small degree. It was difficult to determine 
this because there was so much detritus covering the middle section. 
Total thickness of the three sections described is around 18 feet.
At the bottom of all this and on top of the underlying shale is a 
one and one-half to two foot layer of gray argillaceous limestone or 
calcareous shale.
In another part of the quarry to the west, the Bethany Falls 
Limestone Member shows a normal thickness and appears in its usual 
stratigraphic position. Figure 27 shows the Bethany Falls Limestone 
Member with overlying Galesburg Shale, Stark Shale, and Winterset 
Limestone Member. At this pit, the Bethany Falls Limestone Member has 
been quarried and is still quarried. There is a total thickness of 
about 22 feet of Bethany Falls Limestone Member in this pit. In 
Fig. 28 with the jeep, the upper eight feet appear to be a medium bedded 
mottled light gray limestone weathering medium gray. There is a sharp 
bedding plane break beneath this section, below which the limestone 
possesses thinner bedding. For four feet below this break there are 
four beds from seven inches to a foot thick.
The Winterset Limestone Member appears to be thinner than the 
exposure over the temporary facies change of the Bethany Falls 
Limestone Member.
K. CITY-WIDE ASPHALT COMPANY, INC.
City-Wide Asphalt is located on the east side of Missouri 
State Highway 291 across from Alrok Quarry, Fig. 1. Underground space
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Fig. 27. Bethany Falls Limestone at usual thickness with Winterset
Limestone above, in a pit west of the pinch-out at Missouri 
Rock Quarries east of Courtney Road
Fig. 28. Ledge of Bethany Falls Limestone 18 to 20 feet thick in the 
same pit as mentioned in Fig. 27 at Missouri Rock Quarries 
east of Courtney Road
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at City-Wide Asphalt consists of three small connecting underground 
rooms excavated into a wall of an open-pit quarry, that are used for 
shop, generator room and conveyor belt. This underground space 
covers only one acre. Overburden thickness has been listed as 50 
feet and ceiling height as 15 feet. There are approximately 23 feet 
of Bethany Falls Limestone Member. Figure 29 shows part of the pit 
and the two ledges of limestone. Figure 30 shows some weathered medium 
bedded Winterset Limestone Member overlying thin bedded Winterset 
Limestone Member which has been overgrown with weeds.
Captioned photographs of sites that have not been discussed at 
length yet may be found in Appendix B.
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Fig. 29. Approximately 21 feet of Bethany Falls Limestone with about 
24 feet of Winterset above at City Wide Asphalt Company




IV. PROCEDURES AND MATERIALS USED DURING DATA GATHERING AND COMPILATION
Samples from a total of 35 sites were subjected to testing during 
investigation for this project. Some additional points representing 
sites are indicated on the index map to the sites plotted for contouring 
experimental data. These sites were not visited for testing. The 
catalogued listing of sites which lists all the lettered symbols 
printed beside each site on the index map and the respective site 
designated by each symbol is given in Table I, page 4. Sites not 
visited for sampling and testing are indicated in this Table or 
legend of the plotted sites. The index map is Fig. 1.
A partial list of the equipment used in the field and in the 
laboratory is as follows: 1) a Schmidt impact hammer (Model RM-710 
Rock Classification Hammer); 2) a calibration anvil for the Schmidt 
impact hammer; 3) a Model D Shore scleroscope; 4) an EL77-041 
Franklin Point Load test apparatus; 5) a Skil 7-inch to 9-inch 
(Model 852) disc grinder with 1500 rpm rating; 6) a 3000 watt 
generator with a seven and one-half horsepower Briggs and Straton 
engine, weight of 90 pounds; 7) a wooden staff five feet long;
8) a pair of Sears dial gage calipers with an accuracy in reading to 
.001 inch; and accessories. A 15^-inch diameter slab saw was used to 
cut specimens for the scleroscope hardness tests. There was an 
additional wooden staff used in the field. It measured four and 
one-half feet long while the previously mentioned staff measured 
five feet long. Each staff was marked with tape at one foot intervals 
from one end of a staff to the other. Both staffs were used for rough
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measurements, mainly height, on the rock faces. The staffs were 
also used to show scale in many of the photographs taken.
A. GENERAL FIELD PROCEDURES
Prior to driving out to a site during a day of field activity, 
the calibration of the Model RM-710 Rock Classification Hammer (a 
Schmidt impact hammer) was checked on an anvil designed to produce 
a reading of 60+2 on a properly calibrated RM-710 hammer. An average 
value of 60+2 for a calibrated RM-710 was only valid for readings 
taken with the plunger impacting the rock surface vertically downwards. 
Ten to fifteen readings were taken in this manner and the average of 
all the readings was calculated. If this average value was not within 
the prescribed range of 60+2, it was recorded so it could be used 
later to correct readings taken at the site. In order to correct 
an average value or a reading from a test run on rock with the 
plunger impacting the rock surface vertically downwards, the test 
reading on rock was multiplied by the ratio of 60 - the calibrated 
value - to an average value obtained from readings on the standard 
anvil. In other words, a simple proportion was used to correct 
field readings. It is important to note that this correction 
technique could only be used when readings were taken with the plunger 
impacting the test surface vertically downwards. A sample calculation 
can be found in Appendix C. Readings taken with the plunger of the 
Schmidt impact hammer at any other angle other than vertical downward 
at 90° would have to be corrected to a value representing vertical 
downward before this correction technique could be used. Figure 3 
and then Fig. 2, in that order, in the Soil Test, Inc. Operating
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Instructions for the RM-710 Rock Classification Hammer were used to
determine the equivalent vertical-down at 90° readings for readings
or averages of readings taken horizontally against a rock face in a
13quarry or road cut. It should be mentioned that the calibration 
of the instrument was checked occasionally on the anvil at some of 
the sites visited. When checking the calibration of the RM-710 
Rock Classification Hammer, the standard testing anvil was placed on 
a hard level surface.
In addition to taking readings with the plunger of the Schmidt
impact hammer aligned vertically downwards against the standard
testing anvil, 10 to 15 horizontal readings were taken with the base
of the cylindrical anvil butted up against a hard, flat, vertical
wall. The average value of these readings was recorded, but not
utilized for any type of correction routine. It was difficult to
convert values from horizontal readings on the anvil to equivalent
vertical values, because the scale readings for inclined or vertical
test directions on the horizontal axis of the graph in Fig. 3 of the
Soil Test, Inc. Operating Instructions for the RM-710 Rock
13Classification Hammer only go up to 50. Horizontal readings on the 
standard test anvil were also taken prior to going out to a site(s).
Operations taking place at a site included the following: the 
taking of Schmidt impact hammer readings at various heights along the 
face of an outcrop; collecting large, 20 to 100 pounds, and small, 
from first-size to a little bit larger, samples of the rock units of 
interest; taking notes on the rock faces exposed in a quarry or cut; 
obtaining information about the quarry from the quarry manager 
prior to working unaided; noting thicknesses of outcrops with wooden
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staffs and steel tape; taking photographs of the exposures; and 
grinding off rough or uneven areas on rock surfaces for RM-710 impact 
hammer readings. For about the first three weeks of field work the 
3000 watt electrical generator and Skil (Model 852) disc grinder 
were used for rock surface preparation at the sites visited. After 
this period of time it became more practical to take large rock 
samples to the laboratory for surface preparation and Schmidt RM-710 
impact hammer testing. Fewer large samples were brought back from 
the sites for additional Schmidt impact hammer testing during the 
period of time when the generator and grinder were being used in the 
field. The smaller specimens - not in the 40 to 100 pound category - 
were either used for Franklin Point Load testing or later cut for 
Shore scleroscope testing. All specimens were labeled with a 
marking pen to indicate the distance from a particular datum, which 
in most cases, was the quarry floor or top of the exposure, and the 
direction perpendicular or parallel to the bedding plane. Position 
of the sample on the face of the outcrop was shown in feet and 
inches on the sample. The direction perpendicular to the bedding 
was shown on the specimen by an arrow pointing in that direction. A 
symbol representing perpendicularity - two line segments drawn 
perpendicular to one another - was also scribed on the specimen. On 
many samples the direction parallel to the bedding was indicated by 
an arrow pointing in that direction and two line segments drawn 
parallel to one another. In addition to this information a number 
representing the site the test sample was collected from, was marked 
on each sample collected. This number was recorded along side its 
respective site in a listing in the field notebook. Throughout the
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testing procedures these markings were retained in inobtrusive places 
on all test specimens so as not to interfere with test results, 
especially with the test surfaces prepared for hardness testing.
The majority of the Franklin Point Load test specimens were prepared 
and tested at the laboratory and not in the field. All the samples 
collected for Shore scleroscope testing had to be prepared and tested 
away from the field.
B. LABORATORY PROCEDURES
Close to 140 sets of readings were taken with the Schmidt 
impact hammer on about 15,000 pounds of limestone samples. Each set 
of readings usually consisted of fifteen readings with five of the 
least frequently occurring values eliminated from the set before the 
average impact value could be calculated from the remaining ten values 
or readings. The five readings eliminated were generally the 
highest and the lowest values in some combination that reduced the 
variation in the values of the remaining ten readings. Due to the 
considerable amount of use the Schmidt impact hammer was receiving, 
there was the factor of mechanical wear and tear on the instrument 
that had to be considered when deciding the number of readings to take 
per ground surface of the specimens. As testing progressed, it was 
necessary at times to reduce the number of readings taken on some sur­
faces from 15 to 10. Generally, with only 10 readings, no readings 
could be discarded. Calibration of the instrument was checked at 
intervals stretched farther apart and with only six or seven readings 
at certain times during the latter stages of testing the samples brought 
back from the field. During the stages of testing for Schmidt rebound
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hardness in the field, the RM-710 Rock Classification Hammer on loan 
from the Geological Engineering Department at the University of 
Missouri-Rolla had to be sent back to Soiltest, Inc. for repairs and 
a new one purchased. In consideration of the large number of impacts 
made by the plunger of even the new instrument, the value of the 
standard deviation for each set of data could not bear any weight or 
influence on increasing the number of readings for changing the 
average. Thus, the only value sought for and used in the contour 
maps of Schmidt rebound hardness values for each of the limestone 
units studied was the average hardness value calculated for each 
set.
After an average value had been calculated for each set of Schmidt 
rebound hardness values which is associated with a particular surface 
on a particular specimen from a particular site, the average values 
for each site were grouped. Within each group, each average hardness 
value had been calculated for a specimen from a certain position or 
height on an outcrop and in a certain direction with regard to the 
bedding, i.e., parallel or perpendicular. For the Bethany Falls, 
the Winterset, and the Argentine Limestone Members, their average 
hardness values with associated information for each site have been 
recorded in Tables V through VII of Appendix D. The group of 
average values for each site were then averaged after eliminating 
erroneous average values, i.e., values too low or too high. It 
should be noted that average values from field measurements from a 
certain site were combined with average values from samples 
collected from the same site and tested at home. Average values for
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horizontal impact of the plunger from field measurements had to be 
converted to equivalent values for vertical-down impact before they 
could be combined with average values from test samples. The single 
averages value determined for a site under each of the three limestone 
members studied represents the overall Schmidt rebound hardness value 
for that site and the respective limestone. So, for each limestone 
there is a contoured plot of the average values. Refer to Figs.
31-33 for this contour plot. All collected samples were ground off 
with the Skil disc grinder and then tested in the vertical down 
position with the Schmidt impact hammer (RM-710). Ground surfaces 
were parallel or perpendicular to the bedding.
C. PROCEDURES FOLLOWED FOR SHORE SCLEROSCOPE TESTING
Several hundred pounds of the three limestone members were cut 
into slabs anywhere from V' to one-inch thick. All original markings 
on the rock samples cut were redrawn after cutting the samples so as 
not to interfere with readings taken with the scleroscope. There 
were anywhere from 360 to 400 sets (generally consisting of 15 
readings) of readings on somewhere less than 200 test samples, possibly 
150 maximum. The slabs had surfaces smooth enough for testing, and sat 
flat with opposite surfaces being parallel or close enough to it. 
Specimens were laid out into six beer flats.
At the beginning of the tests and after testing several 
specimens, say 10 or 15, the calibration of the Model D Shore 
scleroscope was checked on two steel blocks. One block had a 
rebound number range of 99 to 101, but the scleroscope generally 
registered 101. The other block had a range of rebound numbers from
Fig. 31. Contour map of hardness values for the Bethany Falls Limestone
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Fig. 32. Contour map of hardness values for the Winterset Limestone 107
Fig. 33. Contour map of hardness values for the Argentine Limestone
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24 to 26. Fortunately after using the Statistical Analysis System 
(S.A.S.) language on the computer to reduce the over 320 sets of 
data (for over 320 rock surfaces tested) to over 320 average values, 
all but essentially one of the sets of calibration values had 
averages that fell within the required range of rebound numbers 
indicated on the steel blocks. Where the average value of the calibra­
tion check values on the 99 to 101 steel block did not average out to 
fall within the range of 99 to 101, a correction factor was created 
using the same proportion technique used for Schmidt impact hammer 
test values. This was done by multiplying the uncorrected average 
rebound number for a set of test data by the quantity 101 divided 
by the average rebound number for a set of 15 readings on the 99 to 
101 steel block.
In general, the procedure for testing a cut specimen was to 
take fifteen readings (ten sometimes) on a surface, if present, 
allowing readings to be made perpendicular to the bedding; and then 
if there was another surface allowing readings to be taken parallel 
to the bedding fifteen readings could be taken on it. Therefore, one 
would have two sets of readings for which to find average rebound 
numbers. All the values in sets of scleroscope data are added 
in order to determine the average rebound numbers. In addition to 
recording a set or sets of data for a particular cut specimen the 
catalogued number referring to the site location, the height or 
position the sample was found in the rock face, the direction with 
respect to bedding the specimen was tested in, and a brief description 
of the specimens characteristic and unique lithologic features were 
recorded on the raw data sheets during testing.
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After the average rebound number for each set of data was 
determined using S.A.S., average rebound numbers belonging to the 
same site were grouped, and the average value representing the 
overall hardness of the particular limestone member at that site was 
determined after erroneous average values were eliminated. The 
average rebound numbers and the overall average for each site 
listed under the Bethany Falls, Winterset, and Argentine Limestone 
Members are shown in Tables VIII through X of Appendix D. The 
contour maps of the overall average values for the Bethany Falls, 
Winterset and Argentine Limestone Members are shown in Figs. 34-36.
D. PROCEDURES FOLLOWED FOR FRANKLIN POINT LOAD TESTING
Approximately 350 to 360 Franklin Point Load tests were con­
ducted on irregular lump samples during the course of laboratory work 
at home.
The general repetitive procedure followed in testing each 
specimen started by taking three measurements of the dimension 
called "D". "D" was determined by measuring the distance between the
opposite sides of the specimen to be in contact with the tips of the 
conical loading platens of the Franklin Point Load Apparatus (Model 
EL 77-041). The three readings were averaged in order to obtain an 
approximate value for "D", the diameter of the lump sample. "D" 
was actually the diameter of the specimen at failure, but since the 
specimen of limestone deforms only a minute amount, that could only 
be measured with sensitive strain gauges, the original diameter 
was suitable for calculation purposes. Six other readings in two 
other directions were also taken and averaged in these two other
Fig. 34. Contour map of hardness values for the Bethany Falls Limestone
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^8* ^5. Contour map of hardness values for the Winterset Limestone
CONTOUR MAP OF HARDNESS VALUES DERIVED 
BY SHORE SCLEROSCOPE TESTS ON THE 
ARGENTINE LIMESTONE
Location: Greater Kansas City Area
Author: John Robert Cramer
Date of Completion: May 1983
SCALES:
0^  ^  ^  30,000 feet 
2 0 2 A 6 miles
Contour Interval 1
Map Location MO.
Refer to Figure Legend p. 5 for
names of numbered quadrangles.
Fig. 36. Contour map of hardness values for the Argentine Limestone 113
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directions. These two other averaged dimensions in most instances 
closely agreed with the value of "D". Even though the lump samples 
tested were rough and irregular, their average diameters or cross 
sectional dimensions fell within a range of values from 1.900 to 
2.400 inches. Many of the specimens are slightly cubic in form 
because they required some trimming in size in order to fit within 
this dimensional range. All dimensional measurements of the samples 
were made with a dial gage caliper with movable jaws that measures 
to the nearest .001 inch.
After the diameter "D" used in the calculation of the point 
load strength index (Ig) had been found, the test specimen was 
placed between the conical loading platens and loaded to failure by 
operating a hand operated hydraulic pump on the Franklin Point Load 
testing machine. Gage pressure "P" was read and recorded in pounds 
per square inch. Usually a note was made in the raw data as to which 
way with respect to bedding the sample was loaded.
The procedure just described was followed for all the marked 
test specimens.
After all the data on gauge pressure and diameters was collected, 
a Fortran program was developed to first calculate the average "D" 
diameter value and then calculate the point load strength index (Ig) 
for each specimen with the formula shown in Appendix E, entitled 
"Point Load Strength Index Equation and Sample Calculation". Tables 
XI through XIII of Appendix D show proposed I values for each site 
under their respective limestone members. Figs. 37, 38, and 39 show 
the contour plots of the overall average I values for the Bethany
Fig. 37. Contour map of I values for the Bethany Falls Limestone 115
CONTOUR MAP OF I VALUES DERIVED FROM 
FRANKLIN POINT LOAD TESTS ON THE 
WINTERSET LIMESTONE
Location: Greater Kansas City Area
Author: John Robert Cramer
Date of Completion: May 1983
SCALES:
30,000 feet
names of numbered quadrangles.
. 38. Contour map of I values for the Winterset LimestoneFig i--1H*
. 39. Contour map of Is values for the Argentine LimestoneFig
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Falls, Winterset and Argentine Limestone Members. Overall I values 
are determined from the average of the grouped I values for each 
site. It should be noted that virtually all the I values for the 
three limestones studied indicate very high strength for the lime­
stones.
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V. DISCUSSION OF THE RESULTING CONTOUR MAPS
A. DISCUSSION OF THE CONTOUR MAPS OF THE SCHMIDT IMPACT HAMMER 
(MODEL RM-710 ROCK CLASSIFICATION HAMMER) RELATIVE HARDNESS VALUES 
Schmidt rebound hardness values for the three contour maps are 
confined to a very narrow range of from 42 to 46. Even with this 
small range, certain trends are noticed on each of the three maps.
For the Bethany Falls Schmidt hardness map (Fig. 31) a central low,
42, is indicated in the vicinity of Alrok Quarries, Ltd. and City 
Wide Asphalt in the southeast corner of the Liberty Quadrangle and 
increase outward to sites - having values of 46. Both the quarry 
south of Greenville, Missouri in the northeast corner of the Kearney 
Quadrangle, and McKee Quarries in the northwest quarter of the Pleasant 
Hill Quadrangle had their respective values of 39 and 42 omitted from 
the contour map. The Winterset Schmidt hardness map (Fig. 32), also 
has a central low - indicated by the contour line 42 - with an 
increasing trend outward. The central low area for the Winterset 
Limestone Member is elongated and stretches from the Kearney 
Southwest Quadrangle to the southeast corner of the Independence 
Quadrangle. A value of 39 assigned to both the Inland Quarry 
location and to City Wide Asphalt on Highway 291 was omitted from the 
Winterset Schmidt hardness map. The Argentine Schmidt hardness map 
(Fig. 33) shows an increase in hardness to the west and south. This 
is probably due to the fact that the Argentine Limestone becomes 
thinner and more eroded on the Missouri side of the state line where 
it is present at the tops of hills. South and southwest into Kansas 
the Argentine Limestone Member is lower in the stratigraphic sequence
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and thus reaches maximum development or thickness. In Miami County 
in Kansas the Island Creek Shale thins out and the Argentine Lime­
stone becomes almost indistinguishable from the Farley Limestone.
B. DISCUSSION ABOUT THE CONTOUR MAPS OF THE SHORE SCLEROSCOPE REBOUND 
NUMBERS
Shore scleroscope hardness values for the three maps of 
Figs. 34, 35 and 36 are confined to a range of values from to 50. 
Rebound numbers for the Bethany Falls Limestone Member increase from 
a value of 41 in the northeast part of the Kearney Quadrangle to a 
value of 46 at Rock Acres Quarry in the southeast corner of the 
Independence Quadrangle. The contour map for the Bethany Falls 
Limestone Member shows high values between 45 and 46 for most of the 
Independence Quadrangle. Even though the Bethany Falls scleroscope 
hardness contour map lacks the central low in the southeast corner of 
the Liberty Quadrangle of the Bethany Falls Schmidt hardness contour 
map, the scleroscope hardness map still approaches a high at Rock 
Acres. This is also true of the Bethany Falls Schmidt hardness contour 
map. The value of 44 assigned to Everet Quarry in the northeast 
comer of the Kearney Southwest Quadrangle on the Bethany Falls 
scleroscope hardness map was eliminated from the map. There is a 
rapid decrease from the contour line with a value of 45 in the 
northeast corner of the Independence Quadrangle to a contour line with 
a value of 42 in the south central portion of the Kearney Quadrangle.
The Winterset Limestone Member scleroscope hardness contour 
map (Fig. 35) shows an increase in relative hardness to the south and 
west from a contour line with a value of 42 that closely follows the
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western boundary of the Kearney and Missouri City quadrangles. Such 
a trend of increasing hardness to the south and west is seen in the 
Winterset Limestone Schmidt hardness contour map of Fig. 32 even 
though the contour lines have a different shape and show closure.
The values of the contour lines are very similar on both maps.
Missouri Rock Quarry on Courtney Road has a value of 43 on both 
maps. Everett Quarry in the northeast corner of Kearney Southwest 
Quadrangle has a value of 42 on both maps. Sites eliminated from the 
contour plotting of the Winterset Limestone scleroscope hardness 
map were Inland Quarry with a very low value of 33 in the Shawnee 
Quadrangle, McKee Quarries with a value of 42 in the Pleasant Hill 
Quadrangle, Alrok Quarry next door to Inner Space Storage with an 
out of place value of 43 and Missouri Rock on Courtney Road, also 
with a value of 43.
With a range from 37 to 50 in relative hardness values for the 
contour lines on the Argentine scleroscope hardness map, there is an 
increase in hardness values toward a central high primarily situated 
within the Shawnee Quadrangle. The high value of 50 was recorded for 
the site in the vicinity of the exit ramp off 1-635 to the inter­
section with Shawnee 10 and Merriam Drive.
The Argentine Limestone scleroscope hardness contour map (Fig. 36) 
and the Argentine Limestone Schmidt hardness contour map (Fig. 33) 
are very dissimilar maps. The Argentine Limestone Schmidt hardness 
contour map shows a more-or-less steady decrease in hardness values 
to the east without an approach to a high in the Shawnee Quadrangle. 
There is, however, a steady increase in relative hardness values 
through the Shawnee Quadrangle to the northwest for the Argentine
1 2 2
Limestone Schmidt hardness contour map (Fig. 33). A value(s) 
greater than 46 is reached on this possible high value ridge in the 
northwestern part of the Shawnee quadrangle. For the Argentine 
Limestone Shore scleroscope hardness contour map, the value of 42 
assigned to Holland Quarry was left out of the process of contouring 
of points.
C. DISCUSSION RELATED TO THE CONTOUR MAPS OF THE POINT LOAD STRENGTH
INDEX (I ) VALUES ________s________
Point load strength index values on the three contour maps of 
Figs. 37, 38, and 39 range from 550 psi to as high as about 810 psi. 
This fairly narrow range of I values for the three limestone members 
places them in the category of rock with very high strength on the 
plot of point load strength index versus gage pressure with lines on 
it representing various diameters of test specimens, put out by 
Engineering Laboratory Equipment Limited. The contour maps of Is
values have very little, if any, similarity in regard to trend or 
locations of high and low value areas to either set of hardness 
contour maps.
I values for the contour lines shown for the Bethany Falls 
Limestone contour map of I values, increase sharply over the Liberty, 
Missouri City, Independence and Blue Springs Quadrangles to a peak 
contour line shown with a value of 700 psi in the vicinity of City 
Wide Asphalt along Highway 291 in the southeast corner of the Liberty 
Quadrangle and near Union Quarries operation in the northwest corner 
of the Blue Springs Quadrangle. In the southern part of the contour 
map closely spaced contour lines point north toward increasing values
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of I in the Bethany Falls Limestone and decrease to the southwest to 
a drastic low of about 400 psi at the site of Beyer Crushed Rock 
Quarry. This sudden decrease toward a control point at Beyer's is 
probably due to the fact that there was a considerable thickness of 
a blue-gray, very argillaceous limestone which could have had a lower 
strength than a more pure carbonate limestone. Other values of I 
for the Bethany Falls Limestone contour map of I values fall within 
the range of 410 to 690 psi.
Two peaks or highs in I values occur on the Winterset Limestone
Member I contour map. One peak is located at the Great Midwest
Mining Corporation site with a value of 811 psi and at the Union
Quarries operation, near the northwest corner of the Blue Springs
Quadrangle, with a value of 773 psi. There is a more drastic increase
in I values for contour lines toward 811 psi than toward the high
value at 773 psi. Other values for the other control points on this
map range from 600 psi to approximately 800 psi.
For the Argentine Limestone I contour map (Fig. 39), the Is s
values for the contour lines appear to increase outward from a
central low value area in the southeastern part of the Bonner Springs
Quadrangle and the south central part of the Edwardsville Quadrangle.
This central low value area encompasses the site of Loring Quarries,
Inc. with an I value of 550 psi and the site near and below Darrell s
Stone Company Quarry. I values increase to values of about 740 psi 
and 760 psi on the outer fringes of this contour map.
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VI. CONCLUSIONS
The objective of determining the physical property (rock hardness 
and strength) variation throughout the Greater Kansas City Area was 
successfully met by the use of the three test apparatus described in 
the text.
In consideration of the overall or average relative hardness 
value determined for each site for a certain limestone member and 
one of the hardness tests, one sees only a small difference of up to 
about eight between the smallest average relative hardness value 
plotted on one of the contour maps and the highest average value 
plotted on the same map. Such a narrow range in relative hardness 
for each contour map possibly indicates that this property of the 
limestones would have little influence on changing the rate of 
progress of underground excavation or tunneling. The contour maps 
produced from each set of plotted data did show some interesting 
contour shapes and trends. Some correlation of trends of both 
increasing and decreasing values could be made between the Schmidt 
and Shore scleroscope hardness value contour maps for the Bethany 
Falls Limestone Member. Correlation of trends could also be made 
between the Schmidt and Shore scleroscope hardness value contour maps 
of the Winterset Limestone Member. This could not be done for the 
contour maps of the Argentine Limestone Member.
It is interesting to note that the average Shore scleroscope 
hardness values obtained by students during the 1976 Fall Semester 
Mining 231 Course at the University of Missouri-Rolla on cut ends 
of core at four depths from Kansas City Quarries Company near 
Riverside, Missouri, agree very well with the average hardness value
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determined for the same site in this present study (44). At a depth 
of 147.5 feet, an average scleroscope hardness value of 42.6 was 
obtained by the students. At a depth of 152.8 feet, an average value 
of 44.7 was obtained. At a depth of 157.7 feet, an average value of 
43.2 was obtained. At a depth of 162.9 feet, an average value of 
32.4 was obtained. This data was taken from a report entitled 
"Rock Property Data on the Bethany Falls Limestone", by Dr. Charles J. 
Haas.
In another report, dated August 20, 1980, by Dr. Charles J. Haas 
entitled "Rock Property Data for the Wyandotte and Lane Formations", 
average Shore scleroscope hardness values for two Argentine Limestone 
Member cores from the NŴ ;, SÊ s, SEiz;, Sec. 6, T.49N., R.33W. in 
Jackson County are 31.5 for a depth of 64.6 feet, and 34.8 for a 
depth of 66.6 feet. For a length-to-diameter ratio of 2:1,
Argentine Limestone Member core from a depth of 65.8 feet was found 
in this report to have a uniaxial compressive strength value of 12,610
From the same report that the hardness values for the Bethany 
Falls Limestone Member at Kansas City Quarries Company were obtained 
the uniaxial compressive strength values were obtained at different 
depths. The uniaxial compressive strength for a L/D ratio of 2:1 for 
the depths 147.7 feet, 153.2 feet, 157.9 feet and 162.3 feet are 
13,390 psi, 15,550 psi, 20,250 psi, and 21,000 psi respectively.^ 
Hardness values and Ig values could be contour plotted for 
various positions (elevations) throughout the thickness of each of
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the limestone members if more information regarding structure (e.g., 
bedding, faults, and smaller features) of the rock units was known.
This could lead into research for a doctoral thesis.
I is very important input data in the well-recognized Geomechanics 
Classification (Bieniawski's rock mass rating, RMR). The results of 
this application of I could be used to determine the economics of 
excavation of the various rock units.
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LOS ANGELES ABRASION VALUES, PERCENTAGE WEAR, FOR THE BETHANY FALLS, 
WINTERSET AND ARGENTINE LIMESTONES AT QUARRIES SELECTED BY THE 
MISSOURI HIGHWAY & TRANSPORTATION DEPARTMENT
(Note: This information was taken directly from laboratory quarry 
ledge, informational summary sheets on file at the Missouri 
Highway and Transportation Department)
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L. A. ABRASION VALUES - PERCENTAGE WEAR - FOR THE 
BETHANY FALLS LIMESTONE
TABLE II
Quarry Name: Pink Hill Quarries
. o i r  v B1 „ , wJg, Sec. 18, T.49N., R.30W. Location: 3.75 Mi. N. Blue Springs, MO. ^  Sec_ u> T>„ N-> R.31w.
Ledge No.
& Thickness




















Location: 1 Mi. W. Junction Rte. 7 & 24. NW%, Sec. 23, T.50N, R.31W.
Ledge No.
& Thickness
























Quarry Name: Rock Acres Quarries
Location: 6.0 Mi. N. Lees Summit, MO. NWH , Sec. 6, T.48N., R.31W.
Ledge No.
& Thickness


















Quarry Name: Union Quarries, Inc.
Location: Independence, MO. NÊ i, Sec. 6, T.49N., R.31W.
Ledge No.
& Thickness





















Quarry Name: Alrok Quarries, Ltd.
Cpp T.SONLocation: 1700 N. Route 291, Sugar Creek, MO. ' ’ ^
Ledge No.
& Thickness



















Quarry Name: Alrok Quarries, Ltd.
, ™  SVfc, Sec. 19, T.50N. , R.31W. Location: 1700 N. 291, Sugar Creek, MO. gÊ  gec> 24> X<50N>> R .32w.
Ledge No.
& Thickness
























Quarry Name: Midwest PreCote Co. (Great Midwest Mining Corp.) 
Location: Randolph, MO. NW*£, Sec. 10, T.50N., R.32W.
Ledge No.
& Thickness




















Location: 0.25 Mi. W. M
y Name: Missouri Rock, Inc.



























Quarry Name: City Wide Asphalt Co.
Location: 1701 N. M-291 Sugar Creek, MO. SW&S, Sec. 18 & w.k, Sec. 19, T.50N. , R.31W., SE*s, Sec. 13, 
& E%, Sec. 24, T.50N., R.32W.
Ledge No.
& Thickness

























Quarry Name: Missouri Rock, Inc.
Location: 1 Mi. West of Missouri City. SW*z;, Sec. 13, T.51N. , R.31W.
Ledge No.
& Thickness

























Quarry Name: Everett Quarries, Inc. 
l h  Mi. SW Kearney, MO. NW*s, NWk, Sec. 3, T.52N., R.31W.
Ledge No.
& Thickness




















L. A. ABRASION VALUES - PERCENTAGE WEAR - FOR THE WINTERSET LIMESTONE
Quarry Name: Beyer Crushed Rock Co.
ctjL. 2 1Location: 90th & 71 Hwy., Kansas City, MO. T ^ g N  ^
Ledge No.
& Thickness












Quarry Name: Missouri Rock, Inc.
Sec • 24Location: .25 Mi. W. M-291 on Courtney Road. ^  ^
Ledge No.
& Thickness













Quarry Name: City Wide Asphalt Co.
' „ „ „  , S \V % , Sec. 18 & V P % , Sec. 19, 1701 N. M-291 Sugar Creek, MO. T 5 0 N  R.3iw. , SE*s, Sec.


















Quarry Name: Missouri Rock, Inc.
SW%, Sec. 13,
Location: 1 Mi. West of Missouri City. T.51N., R.31W.
Ledge No.
& Thickness


















L. A. ABRASION VALUES - PERCENTAGE WEAR - FOR THE ARGENTINE LIMESTONE
Quarry Name: Reno Construction Co. Quarry 
Location: 2 Mi. S. & h Mi. W. of Stanley, Kansas. 25E
Ledge No.
& Thickness



















Quarry Name: Union Quarries, Inc.
SŴ £ Sec. 31Location: 3 Mi. West of Lenexa, Kansas on 95th St. T ^’g r 24E
Ledge No.
& Thickness












Quarry Name: Prairie Mi 
Location: 95th St. & Ogg Road West of Len
ning, Inc.
T_ Sec. 6, T.13S., exa, Kansas. R> 24R_
Ledge No.
& Thickness














ADDITIONAL PHOTOGRAPHS OF SITES VISITED AND EXAMINED
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Fig. 40. Portal in thin bedded medium gray, weathering brown Argen­
tine Limestone at Park College, Parkville, MO. This is an 




Fig. 41. Approximately 14 feet of thin-bedded Argentine Limestone on 
the east side of Interstate 635 enroute to the Missouri River 
with glacial erratics on top
Fig. 42. About 21' of thin, wavy bedded Argentine Limestone at exit 
drive off Merriam Drive and Shawnee 10
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Fig. 43. Same as Fig. 42, but close-up view.
Fig. 44. Approximately 16 feet of Argentine Limestone at Prairie 
Mining Corp. Quarry. Concrete curtain on face of rock 
above Argentine Limestone covering Island Creek Shale
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Portal in 38 feet of Argentine Limestone. A large quantity 









Fig. 48. Winterset Limestone above shale and Bethany Falls Limestone 
in the opposite wall of the pit at Everett Quarries, south 
of M-92 in the northeast corner of the Kearney SW Quadrangle.
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Approximately 15 feet of Winterset Limestone above the shale 
and approximately 15 feet of Bethany Falls Limestone below 
the shale at Everett Quarries, south of M-92 in the northeast 








Fig. 51. Bethany Falls Limestone along east side of Highway 291 about 
H mile from the intersection with Highway 70
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Fig. 52. Hushpuckney Shale Member below the Bethany Falls Limestone 




CALCULATIONS OF CORRECTED SCALE READINGS (HARDNESS VALUES) FOR A 
NON-CALIBRATED SCHMIDT IMPACT HAMMER (MODEL RM-710) AND A NON- 
CALIBRATED SHORE SCLEROSCOPE (MODEL D)
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GIVEN:
Average Scale Reading from 10 to 15 readings on a standard 
anvil giving a reading of 60+2 on a calibrated Schmidt = 67 
Impact Hammer (Model RM-710 Rock Classification Hammer).
Average of 10 readings on a rock sample using a non- 
calibrated Schmidt Impact Hammer (Model RM-710) = 45
LET:
R = True or corrected scale reading (Hardness Value)
Correction of data from a non-calibrated Schmidt Impact Hammer
(Model RM-710):
R_ _ 6() 
45 67 R = 45 x || = 40.3 = 40 (ANSWER)
Correction of data for a Shore Scleroscope (Model D) not reading 
a value of 99 to 101 on a steel block that would make a calibrated 




Average of 10 to 15 readings on steel block
(99-101) = 104
Average of 10 to 15 readings on a rock
sample = 48
R = corrected rebound number
Use 101 as a reading from a calibrated 
Shore Scleroscope (Model D).
R __ 101 
48 104





TABLES OF HARDNESS DATA FROM SCHMIDT IMPACT HAMMER (MODEL RN-710)
HARDNESS TESTS AND SHORE SCLEROSCOPE (MODEL D) HARDNESS TESTS PLUS
TABLES OF POINT LOAD STRENGTH INDEX (I ) VALUESs
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TABLE V
SCHMIDT IMPACT HAMMER HARDNESS TESTS ON THE BETHANY
FALLS LIMESTONE MEMBER
Direction Tested Height On
With Respect To Face of R-Hardness
Bedding Plane Rock Value
PL=Parallel '=Feet Rebound Average
Site P=Perpendicular "=Inches Number Value R
Everett Quar- PL 3.5 - A’ 50
ry in the down from
Southwest top
Kearney
Quadrangle P 7-8' from top
36











Rock Acres P 5’5" 44
Quarries, 
Inc. PL 3' 44





Quarries PL 4*9" 44 44
PL 7’ 43
Quarry So. PL 4’ 39
of Green­
ville, MO. P 7'6" 38 39
in the P Top 34
Kearney
Quadrangle P No Height 43
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TABLE V (continued)
Direction Tested Height On
With Respect To Face of R-Hardness
Bedding Plane Rock Value
PL=Parallel '=Feet Rebound Average
Site P=Perpendicular "=Inches Number Value R








MO. PL No Height 44
PL No Height
Beyer PL 001oo 42
Crushed
Rock PL 8-9' 44




Rock PL 4' up 45





McKee PL 3' 43
Quarry P 3' 41




Quarries, PL 4' 46
Inc.
Bannister PL 4' 47 46
& Noland PL 4' 47
Road PL 5' 48
Kansas City PL No Height 45 44Quarries PL No Height 42
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TABLE V (continued)
Direction Tested Height On
With Respect To Face of R-Hardness
Bedding Plane Rock Value
PL=Parallel '=Feet Rebound Average
Site P=Perpendicular "=Inches Number Value R
Martin- PL 3.5' 45
Marietta
Quarry PL 6’7" 40
P Top 43





Alrok P Pillar 4 38
Quarries
Ltd. P Pillar 3 33
P Pillar 4 40 42
Not Recommended 6' 44
Not Recommended 4' 55
Brunson PL 7' 43
Instrument
Company P 7’6" 48
46
Union P 2' 36
Quarries, 
Inc. Next PL V  6” 43
To Geospace PL 3'11" 44
Executive
Park P 4'6" 41







P 4' 42 44
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TABLE VI
SCHMIDT IMPACT HAMMER HARDNESS TESTS ON THE WINTERSET LIMESTONE
MEMBER
Direction Tested Height on
With Respect To Face of R-Hardness
Bedding Plane Rock Value
PL=Parallel '=Feet Rebound Average
Site P=Perpendicular "=Inches Number Value R
Beyer PL 10'6" 47
Crushed 
Rock Co. P 20'6" 46
PL 20'6" 46
P 20'6" 40 46





Missouri P 1'4" Bottom 39
Rock
Quarries PL 1'4" Bottom 39
East Of P 4'6" 42
Courtney




McKee PL 9'6" 47 45Quarry P 13’ 6" 42
Union P On top 2nd 40
Quarries, shale
Inc. P Middle of 42 43Bannister & 
Noland Rd. Sequencel'lO"
P 15' 48
Inland No Height 36
Quarries PL 1’ 40 39
P Middle 24’ 42
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TABLE VI (continued)
Direction Tested Height on
With Respect To Face of R-Hardness
Bedding Plane Rock Value
PL=Parallel '=Feet Rebound AverageSite P=Perpendicular "=Inches Number Value R
Everett PL 2-2.5' 44
Quarry in 
Southwest P 3.5-4.O' 36
Kearney from top
Quadrangle PL 3.5-4' 
from top
43
P 3.5' from 
top
37 42











Great Mid- PL No Height 48
west Mining P 7 ' A " 35Corporation 45
Randolph, PL 9'9" 43
MO. PL 10' 43
Martin- P 15’ 45
Marietta 44 44PL 3.5-4.O'Quarry
PL 6' 44
Hwy. M-291 PL 4' 42 42
City-Wide P Bottom 1' 37





SCHMIDT IMPACT HAMMER HARDNESS TESTS ON THE
ARGENTINE LIMESTONE MEMBER
Direction Tested Height on
With Respect To Face of R-Hardness
Bedding Plane Rock Value Average of
PL=Parallel '=Feet Scale Hardness
Site P=Perpendicular "=Inches Reading Values
Merriam PL 4'11" 44
Drive & 
Shawnee 10 PL 4'll" 45
Exit Ramp PL 4'11" 41
Of Inter­





Road-Cut P 2' 44
on East 
Side of PL 2' 44 46
Interstate PL 8' 46




In a PL 4 ’ 6" 44
Quarry
below PL 4'6" 44
Darrell V 39





PL 6' to 7' 48
PL 8' to 9' 46
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TABLE VII (continued)
Direction Tested Height On
With Respect To Face of R-Hardness
Bedding Plane Rock Value Average of
PL=Parallel '=Feet Scale Hardness
Site P=Perpendicular "=Inches Reading Values
Reno P 7' 42
Quarry
Stanley, PL 7' 44







95th St. 10' 44 43
& Renner 
Road P 39
PL 4' Upper 44
PL 4' Upper 44




Kansas PL vb00 45
PL 12*4" 46
PL 12'4" 48
P 4' 37 46
PL 7'10" 39
PL 7'10" 38




PL 13' to 14' 48
PL 14'6" 44
TABLE VII (continued)
Direction Tested Height on
With Respect To Face of R-Hardness
Bedding Plane Rock Value Average of
PL=Parallel '-Feet Scale Hardness
Site P=Perpendicular "-Inches Reading Values
Loring P 11'6"-12’6" 41
Quarries,
Inc. PL 13' to 14' 45
PL 13' to 14' 42
P 13' to 14' 40







Park PL 2' 50
College P 2' 49
P 3'7" 40 44
PL 00 -p> 45
P 40
P 41
Holland PL 6'6" 40
Quarries,
Inc. PL 7' 43





Prairie PL 9' 44
Mining





Direction Tested Height on
With Respect To Face of R-Hardness
Bedding Plane Rock Value Average of
PL=Parallel *=Feet Scale Hardness
Site P=Perpendicular "=Inches Reading Values
Kansas City PL 2’6" 45
Quarries PL 2'6" 45 46
P 3' 48
DeSoto, P 16' 43
Kansas 
Kill Creek PL 16’ 45
to 107th PL 16’ 43
Street PL 16 ’ 42











about h P 3’4" 45









PL 5'5" 44 44
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SHORE SCLEROSCOPE - HARDNESS TESTS ON THE 
BETHANY FALLS LIMESTONE MEMBER
TABLE VIII
Direction Tested Height on
With Respect To Face of R-Hardness
Bedding Plane Rock Value Average of
PL=Parallel '=Feet Rebound Hardness
Site P=Perpendicular "=Inches Number Values
Union P 1'6" 41
Quarries, 
Inc. P V 36
Bannister — 5’11" 45
& Noland 





Alrok P 2? 42
Quarries, 
Ltd. P Pillar 5' 44 45
P Pillar 5’ 43
— 1' 47
Union P 1’ 43
Quarries, 
Inc. Next P 1'3" 44
To Geo- PL 1*3" 42
space
Executive 45° 1'2" 43
Park PL — 41
P 2' 46
PL 2' 49






PL 5'7" 45 46
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TABLE VIII (continued)
Direction Tested Height on
With Respect To Face of R-Hardness
Bedding Plane Rock Value Average of
PL=Parallel '=Feet Rebound Hardness
Site P=Perpendicular "“Inches Number Values
Union P 5'10" 47
Quarries, 
Inc. Next P 5'10" 43
To Geo- PL 5'10" 42
space
Executive P 6 '5" 47
Park P 6 '6" 46
(cont.) P 6'7" 47
P 6'1" 46







Martin- P 4'6" 44
Marietta
Quarry P 5' 43
PL 5' 43
P 5' 43





P 7 *3" 43
P 8' 43
Brunson P 4'5" 41
Instrument






















Kansas City P — 48 44Quarries PL — 39
Gread Mid-
west Mining P 5-10' 44 43Corporation p 5-10' 41Randolph,
MO.
Quarry So. P 3' 42
of Green- PT 3' 36ville, MO.
in the p 3' 46 41
Kearney p 3' 42Quadrangle
p — 39
PL — 39
Rock Acres P 1' 46
















Direction Tested Height on
With Respect To Face of R-Hardness
Bedding Plane Rock Value Average of
PL=Parallel '=Feet Rebound Hardness
Site P=Perpendicular "=Inches Number Values
Rock Acres 




P 7*5" 47 46
P 7*9" 44
PL 7'9" 42
PL 8 ' 49
P 00oo 46
PL 0000 43
Inland P 1* 47












Everett P 5' 42
Quarry in 
Southwest PL 5’ 41
Kearney P 8' 42
Quadrangle — 9’ 45
P 10' 43 44
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TABLE VIII (continued)
Direction Tested Height on
With Respect To Face of R-Hardness
Bedding Plane Rock Value Average of
PL=Parallel '=Feet Rebound Hardness
Site P=Perpendicular "=Inches Number Values
Everett PL 10’ 43
Quarry 
in the P 10' 43
Southwest P 10' 47
Kearney




City-Wide P 2' 44
Asphalt
Co. P 3' 47




McKee P — 44
Quarry P — 50
P 2'6" 44





SHORE SCLEROSCOPE - HARDNESS TESTS ON THE 
WINTERSET LIMESTONE MEMBER
TABLE IX
Direction Tested Height on
With Respect To Face of Hardness
Bedding Plane Rock Value Average of
PL=Parallel ,=Feet Rebound Hardness
Site P=Perpendicular "=Inches Number Values
City-Wide P 2'3" 45
Asphalt
Co. P 5'5" 41 43P 7'1" 41
P 9'1" 45
McKee 4' 47
Quarry 10' 34 42
10' 39
Everett P 1' 39
Quarry in 
the South- P 1'8" 42
west P 3'6" 44
Kearney
Quadrangle P 4' 41
P 5'2" 46 42
P 7'6" 41
P 7'6" 41




Missouri P Top 41
Rock
Quarries P 4'6" 41
East of P 7' 47 43
Courtney






















Beyer P 14'8" 43
Crushed
Rock P 15 ’ 9" 50

























Direction Tested Height on
With Respect To Face of Hardness
Bedding Plane Rock Value Average of
PL=Parallel ,=Feet Rebound Hardness
Site P=Perpendicular "=Inches Number Values
Great Mid- P Upper Unit 52
west Mining A » 7 ” 43Corporation
Randolph, P 1'6" 43 45
























SHORE SCLEROSCOPE - HARDNESS TESTS ON THE 
ARGENTINE LIMESTONE MEMBER
TABLE X
Direction Tested Height on
With Respect To Face of Hardness
Bedding Plane Rock Value Average of
PL=Parallel '=Feet Rebound Hardness
Site P=Perpendicular "“Inches Number Values
Holland P 1*6" 49
Quarries
Inc. P 3'2" 39
P 4' 42





Prairie P 2'4" 49
Mining
Co. PL 2'9" 43
— 3’ 10" 42
P 5'5" 42
PL 6'5" 49













PL 12* 49 50
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TABLE X (continued)
Direction Tested Height on
With Respect To Face of Hardness
Bedding Plane Rock Value Average of
PL=Parallel '=Feet Rebound Hardness
Site P=Perpendicular "=Inches Number Values
Road Cut on 
East Side P 5' 49
of Hwy. 635 
on So. Side PL 5' 48 49
of the MO. 
River
P 7'6" 50
DeSoto, P 1' 45
Kansas Kill 
Creek Road PL 1 ' 45













Road Cut P — 50
Off Inter- P 44state 29
near the P — 42
exit to No. P 47Kansas City


























Park PL 1’ 45



























Direction Tested Height on
With Respect To Face of Hardness
Bedding Plane Rock Value Average of
PL=Parallel '=Feet Rebound Hardness
Site P=Perpendicular "=Inches Number Value
Kansas City __ 1'6" 47
Quarries P 3' 44





Loring P 2*5" 40
Quarries










Reno P 2' 45
Quarry
Stanley, PL 2' 48
Kansas P 3' 49
P 4'9" 44









Direction Tested Height on
With Respect To Face of Hardness
Bedding Plane Rock Value Average of
PL=Parallel '=Feet Rebound Hardness
Site P=Perpendicular "=Inches Number Value
Union P 1*5" 46
Quarries, 
Inc. 95th P 2 ’ 47 44
St. & P 6 ’ 44
Renner 44Road 6 ’10"
In a P 1*9" 45
Quarry
Below P 2 ’4" 46
Darrell PL 2'4" 43 43
Stone
Company — 5'll" 47
PL Top Unit 40
Parvin Rd 




P 3'1" 50 50
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FRANKLIN POINT LOAD TESTS ON BETHANY FALLS LIMESTONE

















Great Mid- P 4' 1433.0 2.374 526.47 617
west Mining P 5'10" 1170.0 2.269 470.42





Ville, MO. P 3' 100.0 2.165 44.16 399
in the P 4' 935.0 2.201 399.40
Kearney
Quadrangle
Rock Acres P 3' 1340.0 2.233 556.12
Quarries, P 2'10" 1830.0 2.054 897.59
Inc. — 3' 1530.0 2.208 649.63
— 3' 1380.0 2.496 458.52
P 4' 1460.0 2.433 510.55
P 4'4" 1210.0 2.211 512.21
P 6 ’ 1780.0 2.314 682.60 631
P 6 ’ 1780.0 2.323 688.32
P 6 ' 1567.0 2.358 583.38
— 6 '1" 1967.0 2.291 775.53
P 6 '6" 1800.0 2.412 640.63
P 6/7" 1235.0 2.022 625.28
P 7' 1767.0 2.194 759.86
P 7’ 1830.0 2.077 877.83
P 7*5" 1380.0 2.264 563.77
City-Wide P 2 ' 1765.0 2.213 746.25
Asphalt Co. P 3' 1580.0 2.223 661.43
P 3’ 1365.0 2.067 661.55
P 4'10" 1650.0 2.077 791.74
P 5’5" 1400.0 2.350 524.91 704
P 7*1" 1767.0 2.033 884.98
P 7*5" 1800.0 2.248 737.53
P 7*5" 1460.0 2.232 606.83
P 7'5" 2020.0 2.078 968.04
P 9'4" 1750.0 2.088 830.63
P 9'4" 1233.0 2.236 510.49


















Union P 2' 1633.0 2.237 675.70
Quarries, P 4' 1400.0 2.367 517.40
Inc. P 2'3" 1367.0 2.077 655.94
Bannister P 4'6" 1860.0 2.170 817.64 566
& Noland P 7’5” 1310.0 2.094 618.62
Road P 6'6" 1870.0 2.322 718.15
P 6 ' 1470.0 2.415 521.60
— 13'-14* 1510.0 2.246 619.62
Missouri
Rock
Quarries P — 1167.0 2.475 400.05 506.15E. of P — 1700.0 2.396 613.15
Courtney
Rd.
Rock P 7*5" 1710.0 2.092 808.55
Acres — 7'9" 967.0 2.211 409.47
Quarries, P 8 ' 1560.0 2.380 570.09
Inc. P 9’ 1550.0 2.098 729.17 631
P 12*4" 1367.0 2.399 491.54
— — 1560.0 2.035 792.44
P — 1610.0 2.425 566.88
Brunson
Instrument P 4'6" 1370.0 2.215 578.19 548Company P 1 ' 1180.0 2.171 518.4
Inland P 4' 2140.0 2.291 844.23
Quarries P 4' 2030.0 2.310 787.26
P 6'2" 2000.0 2.270 803.43
P 6'6" 1540.0 2.309 597.75 687
P 7' 1333.0 2.235 552.55
P 7’ 1167.0 2.240 481.44
P 7' 1550.0 2.323 594.57
P 8 ' 2080.0 2.372 765.04
P 8 ' 1867.0 2.247 765.66
P 8'3" 1375.0 2.039 684.38
Alrok P __ 1360.0 2.291 536.36
Quarries P — 1260.0 2.059 615.42 583
Ltd. P — 1170.0 2.287 463.18


















Union P 1*5" 1480.0 2.305 576.45
Quarries, P 1*7" 1533.0 2.312 593.66
Inc. Next P 1'7" 1560.0 2.273 625.02
To Geo- P 2'5" 1020.0 2.454 350.51
space P 3' 1420.0 2.305 553.08
Executive P 3' 1610.0 2.259 653.27 713
Park P 5'5" 1833.0 2.194 788.0
P 5*7" 1425.0 1.969 760.58
P 6 '5" 1510.0 2.002 780.12
P 7'3" 2040.0 2.150 913.25
P 7'3" 2120.0 2.326 810.89
P 15' 1467.0 1.983 772.25
P — 2020.0 1.950 1099.27
Beyer P — 440.0 2.254 179.27
Crushed P — 1370.0 2.165 604.84 398
Rock Co. P — 1120.0 2.375 411.25
Martin- P 3' 830.0 2.093 392.20
Marietta P 5'5" 650.0 2.270 261.19
Quarry P 5'6" 1240.0 2.233 514.62 547P 5’11" 1220.0 2.015 621.78
P 6’ 1850.0 2.064 899.21
P 6'7" 867.0 2.043 430.12
P 6'7" 2000.0 2.419 707.50
Everett — 6 ' fm top _____ 2.415 426.03
Quarry — 7' fm top 1530.0 2.321 587.91
in the P 8 ' fm top 1450.0 2.414 515.07
Southwest P 9' fm top 1100.0 2.449 379.65
Kearney P 12' fm " 1240.0 1.975 658.05 566
Quadrangle P 14' fm " 1410.0 2.527 456.95
P 12-14" fm 1325.0 2.168 583.54
top
— 12-14' fm 1325.0 1.934 733.54
top
P Top 1950.0 2.320 750.16
McKee P 2'5" 1433.0 2.248 586.98
Quarry P 7' 1480.0 2.231 615.51
P 7' 1267.0 2.406 453.06
P 7'6" 1290.0 2.359 479.85 565
P 8 '8" 1890.0 2.129 863.41
P 10' 1410.0 2.269 566.92
P — 900.0 2.181 391.53
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FRANKLIN POINT LOAD TESTS ON WINTERSET LIMESTONE MEMBER, 
POINT LOAD STRENGTH INDEX (Ig)
TABLE XII
Height On Average xDirection Face Of Pressure Diameter s Average






P — 1835.0 2.424 646.28
Missouri








P 4'4" 1800.0 2.195 733.11
Beyer P 9' 1680.0 1.765 1116.32
Crushed P 10’2" 1750.0 2.301 683.99
Rock Co. P 14'8" 1620.0 2.342 611.38
P 15' 1990.0 2.118 918.56
P 15* 1" 1585.0 2.193 682.22
P 15'1" 1350.0 2.230 561.78 679
P 15'9" 1780.0 2.190 768.48
P 15’9" 1920.0 2.282 763.20
P 16' 1960.0 2.356 730.72
P 18'2" 1233.0 1 998 639.36
P 18’2" 1820.0 2.257 739.79
P 23" 1150.0 2.347 432.03
P 8' 1490.0 2.020 755.63



























City-Wide P 1*8" 1620.0 2.107 755.60
Asphalt P 2'3" 1780.0 2.210 754.18
Co. P 2'3" 1267.0 2.137 574.12
P 2'3" 1650.0 2.017 839.54 651
P 4*6" 1267.0 2.294 498.38
P 5'5" 1133.0 2.061 551.96
P 5'5" 1533.0 2.326 586.53
Great P 14' Up- 1940.0 2.341 732.77
Midwest per Unit
Mining P 6' 1800.0 2.295 707.42
Corporation P 6' 1830.0 1.531 615.41
Randolph, P — 1450.0 2.396 522.84 811
MO. P — 1333.0 2.294 524.34
P — 1960.0 2.085 932.99
P — 1560.0 2.239 644.15
Rock Acres
Quarries, P — 2150.0 2.219 904.12
Inc.
McKee P 2' 1290.0 2.083 615.43
Quarry P 4’ 1833.0 2.226 765.51
P 4' 1390.0 2.208 590.18
P 5'4" 1540.0 2.286 610.01 592
P 10’ 1445.0 2.249 591.54
P 10' 1350.0 2.313 522.49
P 10' 1433.0 2.033 717.70
P 10' 1510.0 2.378 532.59
P 11'10" 867.0 2.229 361.33
Hwy. M-291
about 2 Mi. P 3'-4' 865.0 2.087 411.23 628from Inter- P — 1680.0 2.027 846.39
state 70
Martin- P 2'4" 2060.0 2.354 769.53
Marietta P 2'4" 1500.0 2.264 605.77
Quarry P On Top 1420.0 1.961 764.63 678of 5"
Shale
Layer
P Top 1190.0 2.075 572.11
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TABLE XII (continued)
Height On Average TDirection Face Of Pressure Diameter s Average
Site Of Bed Rock (PSI) (Inches) (PSI) Value
Inland P Black 1880.0 2.081 898.92
Quarries Chert
P — 1360.0 2.279 542.03 537
P 2'4" 1333.0 2.278 531.89
Missouri P 5' Next 1780.0 2.355 664.56
Rock to Top
Quarries P — 1840.0 2.249 753.25
East of P — 1433.0 2.208 608.26
Courtney P — 1520.0 2.179 587.08 684




P — 1490.0 2.303 581.69
P 7’ from 
floor
— 2.237 678.69
P 4'6" 1780.0 2.173 780.08
Everett ______ 1 '8" 1910.0 2.335 724.95
Quarry PL 2 ' 1433.0 2.170 629.94
in the P 2' 1640.0 2.464 559.16
Southwest P 2' 2040.0 2.243 839.62
Kearney P 3' 1900.0 2.073 914.93
Quadrangle P 3' 1940.0 2.064 942.35 628
— 3'6" 880.0 2.203 375.45
P 3'6" 1820.0 2.243 748.61
P 3'6" 1140.0 2.312 441.60
P 3'-4' 1140.0 2.274 456.35
PL 3’-4' 1000.0 2.116 462.46
P 7' 1785.0 2.176 780.59
— 7' 950.0 2.104 444.22
— 7' 1950.0 2.191 685.41
P 7'2" 1830.0 2.374 672.33
P 7'6" 1060.0 2.151 474.24
P 7'6" 1733.0 2.298 679.11





FRANKLIN POINT LOAD TESTS ON THE ARGENTINE LIMESTONE MEMBER, 
POINT LOAD STRENGTH INDEX (Ig)
TABLE XIII
Height On Average xDirection Face Of Pressure Diameter s Average
Site Of Bed Rock (PSI) (Inches) (PSI) Value
Road Cut on PL Middle of 1530.0 2.140 691.35
East Side exposure
of Inter- 4-5'
state 635 P 7'6" 2300.0 2.340 869.49
on the So. P Middle of 1500.0 2.147 673.38
Side of exposure
the MO. 4-5'
River P Middle of 1760.0 2.218 740.78
exposure
4-5'
PL Middle of 1060.0 2.361 393.63
exposure
4-5'
Merriam P 4' 1765.0 2.082 842.59




P 2' 1585.0 2.266 639.16
Prairie P 11'3" 2100.0 2.221 895.35
Mining P Top 1390.0 2.342 524.23
Co. P 10-30' 1467.0 2.102 687.28 660
P 2'9" 1467.0 2.090 575.38
P 2 *4" 1780.0 2.334 634.40
P 6 '5" 1270.0 2.112 589.18








P Lower 1135.0 2.365 420.05 620
Ledge
Lower 1500.0 2.290 592.27
Ledge






Height On Average xDirection Face Of Pressure Diameter s Average
Site Of Bed Rock (PSI) (Inches) (PSI) Value
Holland P 5' 1250.0 2.217 526.6
Quarries, P 5’ 1660.0 2.270 666.65
Inc. 5' 1760.0 2.356 656.16






about h Mi. P 3'1" 1630.0 2.215 687.72
So. of P 31*1" 1567.0 2.292 617.64 676Worlds of P 4'6" 1560.0 2.258 633.17
Fun P 11' 1833.0 2.228 764.37
Union
Quarries, P 11'8" 1835.0 2.272 736.07
Inc. 95th P 2' 1880.0 2.094 887.51 622St. & P 750.0 2.171 329.49
Renner Rd. P 6' 1250.0 2.201 534.12
Interstate 
29 Roadcut P 1833.0 2.186 794.02 704near exit 
to No.
P 1000.0 1.836 614.30
Kansas City 
& Hwy. 169
In a P 6'6" 1370.0 2.225 572.67
Quarry PL 11'6" 1170.0 2.253 477.27
Below P 4’4" 1000.0 2.338 378.58
Darrell PL 6'6" 1450.0 2.015 739.49
Stone Co. P 6 '6" 1560.0 2.192 671.86
PL 11'6" 1700.0 2.495 565.15
P 6' 1360.0 2.366 503.04 552
P 13' 1530.0 2.204 651.99
P 2'4" 1480.0 2.177 646.42
13' 1145.0 2.153 511.47
P 6 '6" 1500.0 2.151 670.88
P 8'6" 1200.0 2.238 495.79
P 6 ' 1435.0 2.303 560.22
P 6 ' 1410.0 2.308 547.92
PL 6 ’ 1050.0 2.016 534.61
P 6 ’5" 1300.0 2.366 480.58


















Kansas City P 3' 1620.0 2.201 692.01
Quarries P 3' 1733.0 1.890 1003.90
P 3' 1705.0 2.329 650.85
P 1*6" 1500.0 2.376 550.01 679
P — 640.0 2.433 223.74
P 3'6" 1360.0 1.993 708.99
P Top 1230.0 2.338 465.79
DeSoto P 14' 1733.0 2.229 722.24
Kansas P 7’ 2000.0 2.169 880.00
Kill Creek P 7’ 2000.0 1.967 1069.66
Road to P 4’6" 1767.0 1.996 918.40 695107th St. P 7' 1620.0 2.151 724.55
P 14’ 1330.0 2.042 560.97
P 16' 178.0 2.297 69.85
P 6 '6" 1640.0 2.358 610.73
Park P 3'3" 1667.0 2.264 673.41
College P 3'5" 2190.0 2.296 859.70
P 2 ' 1720.0 2.282 683.90
P 2 ' 1900.0 2.097 894.11
P 2'11" 1240.0 2.239 512.02
P 1 '2" 1833.0 2.180 798.40
P — 1640.0 2.354 612.46
P 2* 1000.0 2.666 403.13
P 4’6" 1510.0 2.328 576.74 648
P 3'10" 1780.0 2.325 681.43
P 9" 1490.0 2.264 601.56
P 3'7" 1120.0 2.071 530.37
P 1 ' 1830.0 2.304 713.60
P V  6" 1320.0 2.256 536.71
P 2' 1440.0 2.314 556.52
P 9" 942.0 2.195 403.86
P 9" 2160.0 2.232 897.77
P 9" 1930.0 2.278 771.07
P 5’8" 1630.0 2.205 775.90
Loring 8'8" 1540.0 2.444 533.54
Quarries P 7' 1167.0 2.355 435.69
Inc. P 2’ 1480.0 2.310 573.96
— 8 '6" 1660.0 2.356 619.23


















Loring P 5' 1640.0 2.262 633.68
Quarries, PL 10' 850.0 2.249 347.86
Inc. PL 13'8" 1645.0 2.112 763.15
(cont.) PL 10' 970.0 2.169 426.67
P 8 ' 1500.0 1.882 496.94 550
P — 1060.0 2.180 461.84
P 3' 1000.0 2.298 391.99
P 2.3.. 1620.0 2.406 579.13
P 2'5" 1760.0 2.308 684.13
— 13'8" 1760.0 2.129 804.02
— 13' 1367.0 2.280 544.18
P 3' 1233.0 2.310 478.17
P 2' 1520.0 2.231 632.33
P 7' 950.0 2.292 374.45
Reno P 12* 2030.0 2.354 758.11
Quarry P 6 '6" 1465.0 2.239 604.92
Stanley, P 3* 2450.0 2.297 961.48
Kansas P 1*8" 1580.0 2.148 708.64
P 5'll" 2170.0 2.068 1050.68
P 11'A" 1670.0 2.164 738.42
P 13' 2000.0 2.280 796.40
P 2' 2210.0 2.458 756.97
P 2' 1700.0 2.319 654.55
— 2'll" 2370.0 2.055 1162.08 759
— 14'2" 1050.0 2.130 478.92
P 2' 1450.0 2.112 672.69
P 14'2" 1730.0 2.347 650.11
P 1'8" 1740.0 2.317 670.92
P 13'2" 1467.0 2.349 550.50
P — 1470.0 2.205 626.04
P — 1860.0 2.119 857.74
P 1'8" 2335.0 2.269 939.11
P 1'8" 1910.0 2.299 748.04
202
APPENDIX E
EXAMPLE CALCULATION OF POINT LOAD STRENGTH INDEX (I )s
203
Formula for Point Load Strength Index Ig:
Gauge Pressure x Ram Area
2(Diameter of Specimen)
(1)
Ram Area = 2.07 in2
GIVEN: Gauge Pressure at Failure, P(lb/in2) = 2300 lb/in2
Average Diameter of 3 readings, D(inches) = 2.340 
Substitution into Equation (1):
Is
= 2300 (lb/in2) x 2.07 (in2) = 4761(lb)
(2.340 in)2 5.4756 in2
= 869.49 lb/in)
